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ABSTRACT 
The demand for energy is increasing worldwide. All applications contributed to 
increase the demand of all energy industry, and therefore the effect on the environment 
and the rise in pollution increased significantly. This is considered a large problem, and 
researchers focused their research on renewable energy for reducing the cost of energy in 
the future. Geothermal energy has significant impact as a source of electricity generation 
since it will not harm the environment. There are more than twenty countries that benefit 
from geothermal plants, which generate more than 6000 megawatts .Three alternatives of 
geothermal energy technology (GHP, Direct use of Geothermal Heat, and Geothermal 
Electricity) can be used for supporting electrical systems in Oregon. At the same time, the 
success of using the geothermal energy alternatives in Oregon relies on different goals for 
achieving the best geothermal development. Oregon has been ranked third in the potential 
use of geothermal energy after Nevada and California. 
The objective from the research study was to develop an assessment model 
framework that can be used for supporting cost effective renewable energy in Oregon by 
the development of geothermal energy sources. This research of study was done by using 
the Hierarchical Decision Model (HDM) and consisted of four levels: Mission, 
objectives, goals, and alternative. Criteria used in this research study are based on five 
objectives to know what are the most important factors in the decision-making process. 
These objectives are: social, environmental, economical, technical, and political. The 
decision model connected objectives, goals, and alternative for obtaining the accurate 
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decision. HDM used for this purpose to analyze the result of data collected from experts. 
Seven experts who had experience in the geothermal field participated in this research 
study, and they gave their judgment in the questionnaire survey link by using pair-wise 
comparison method. 
The outcome analysis of the results showed that in terms of objectives that 
Minimizing Environmental Impact was rated at the highest value at 0.26 with respect to 
the mission. Within the category of Minimizing Environmental Impact, Seismic Activity 
and GHG Emissions had higher values. The results show that ―Geothermal Electricity‖, 
with a rating of 43%, was ranked as the most important alternative with respect to 
mission, objectives, and goals. ―Direct Use of Geothermal Heat‖ was ranked as the 
second most important alternative with 31%. The results of this research study were 
discussed with the experts to get their feedback, and learn from them what requirements 
are necessary for improvement in the geotechnical energy sector for future research. The 
experts agreed that this methodology is a good approach to help reach the right decision 
since this methodology (HDM) divides the problem into small sets, which will make the 
decision process easier.    
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CHAPTER 1: INTRODUCTION 
The demand for energy is increasing worldwide because the human population is 
increasing, and energy is very important in the development of all applications such as 
electricity, industry, agriculture, transportation, commercial building that serve the 
economy. Therefore, the demand for these applications has increased, thus increasing the 
cost because natural resources such as oil, natural gas, and coal cannot supply all of the 
energy consumers require because they are limited in many areas. In addition, in 2009 a 
report from British Petroleum (BP) (Statistical Review of World Energy) showed that 
between 1999 and 2008 there was an increase in the demand of natural resources. Oil 
rose to 15%, natural gas to 33%, and coal to 46%, so we can see that the resources of 
energy are limited [1]. These applications contributed to increase the demand of all 
energy industry, and therefore the effect on the environment and the rise in pollution 
increased significantly [2].  The discussion about the lack of electricity will increase in 
the future as many applications are dependent on coal and petroleum to generate 
electricity.  This is considered a large problem because these resources are decreasing at 
the same time that the population is increasing [3]. After 1970, researchers focused their 
research on renewable energy because they saw that renewable energy would reduce the 
cost of energy in the future. Moreover, with the development of technology and with 
trying to keep the economic sectors stable will require future energy strategies for 
communications between societal, political, institutional, and environmental. This 
process of the development of technology and future energy strategy will lead to clean 
energy, and will require the ability to analyze the cost and the risk for reaching the best 
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outcome. The process will be complicated, and uncertainty will increase. This process 
will require a model that can be used to evaluate a flexible energy strategy to deal with 
many energy options [4]-[9]. 
In the United States, the department of energy gives a lot of attention to the use of 
renewable energy and supports a diverse range of research that focuses on applying 
renewable energy in different areas, which reflects a broad energy market. The 
government participated in the development of renewable energy through minimizing the 
tax and loan and making that in their policy [10]-[11]. In addition, they found that 
changing the work system (policy) will have a large effect on investment. The new policy 
work system supports renewable energy, which will lead to minimize the risk on financial 
premiums [12].  The United States government has spent more than $1 billion between 
1995 to 2000 to develop research in renewable energy, and the U.S has more 
development and updates of the information than other countries [11].  
Geothermal energy has significant impact as a source of electricity generation. 
There are more than twenty countries that benefit from geothermal plants, which generate 
more than 6000 megawatts. The geothermal plants are considered as environmentally 
benign in terms of emissions abatement, water, and land-use as compared with other 
alternative of energies [13]. 
Geothermal energy is one of the most important renewable energies and the 
potential to obtain energy from it is huge, so the Department of Energy pays a lot of 
attention to development of the uses of this type of alternative energy to cover all 
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applications in the United States such as electricity, heating and cooling for large 
building, homes, agricultures, sterilization [9]. Consumers‘ benefit from the heat of 
geothermal energy that comes from extracting the Earth's surface, and this energy is 
clean. There is no emission of pollution from this type of renewable energy, so it will not 
affect greenhouse emissions [14]-[15]. Most geothermal energy resources are available 
underground the Earth with different depths and forms of volcanoes, hot springs, and 
geysers [16]. The energy from geothermal resources with a depth of 10,000 meters can 
reach to 50,000 times more than other natural resources like oil and natural gas. Also, it 
makes nearly 68 billion kilowatt-hours of electricity that cover six million typical U.S 
households [17]. Many countries in the world like the United States, Italy, France, and 
Iceland have begun to depend on geothermal power plants, but most of the activities of 
geothermal energy occur in Japan, the Philippines, the Aleutian Islands, North America, 
Central America, and South America as these countries among Ring of Fire [18]-[20]. 
Most resources of geothermal energy that can be found in the United States are in 
California, Nevada, Alaska, Hawaii, Idaho, Oregon, Utah, and Wyoming [21]-[22]. 
Oregon is one of the eight states that currently using geothermal energy, and uses 
it in different applications such as generating industrial, agriculture, and commercial/ 
residential electricity [23]-[24]. So far the use of geothermal energy in Oregon is low, but 
the potential for success is very high when the opportunity is available to benefit from 
this type of renewable energy. This is why it‘s important to study the use of geothermal 
energy. Oregon has been ranked third in the potential use of geothermal energy after 
Nevada and California. Oregon depends on Geo-Heat Center at the Oregon Institute of 
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Technology to supply all technical information that helps to develop geothermal 
applications [16]. Because of the high temperature of geothermal areas, Oregon has the 
ability to produce 2,200 megawatts of electricity. Since the 2009 installation of 0.3 
megawatts of geothermal electrical plant in the Oregon Institute of Technology---
Klamath Falls campus, many projects now are under construction in Oregon, and they are 
planning to reach the maximum use of geothermal energy. They work on the 
development of projects by increasing the production of electricity to reach 22 megawatts 
in Malheur County, 1.2 megawatts in the Oregon Institute location, and 3.1 megawatts in 
the progress of construction in Lake County. In addition, Oregon is close to having 2,200 
thermal wells and springs that they can be used to provide direct heat to many facilities 
[25]. There are many investments in the field of geothermal energy, and the Office of 
Electrical & Renewable Energy (EERE) invested 21.4 million with AltaRock Enhance 
Geothermal System (EGS) at the Newberry volcano close to Bend, Oregon.  In  this 
project successfully reduced the cost for development of geothermal resources [26]-
[27].The Oregon Department of Geology and Mineral Industries provided new maps that 
clarify all hot springs, volcanic vents, examine the performance of the wells, and other 
resources of geothermal sources in the state [28]. 
One of the important aspects in geothermal energy projects is to look for 
economic analysis since it‘s preferred in literature. Multi Criteria Decision Making 
(MCDM) will be used in this study. We will also use the Analytical Hierarchy Process 
(AHP) since  this process is complicated because requires looking at the problem from 
different sectors, assessing the model, and finally, reviewing the model to reach a final 
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decision. MCDM techniques are successfully used in sustainable energy management. 
AHP is more the popular technique to use in different energy plan decision problems than 
PROMETHEE and ELECTRE [29]. MCDM is used to analyze and clarify the problem, 
by dividing the problem into multi decision criteria. MCDM is required to develop 
renewable energy by showing the uncertainty within more complicated processes, which 
leads to finding methodology that can handle different criteria and has ability to simplify 
the problem and make it easy to solve [30]-[32]. 
1.1 Background of the Problem 
In Oregon, there is also the problem of supplying energy to all consumers. Many 
factors are affected by this problem, which has led the Department of Energy in Oregon 
to search for a suitable solution as they see the following problems. The consumption of 
total energy reached 773 trillion British Thermal Units (Btus) in 2000, and this amount of 
consumption increased to 15% compared to consumption in 1990. Moreover, closely half 
of the energy consumed comes from petroleum products and most this is used for 
transportation. The price is always increasing in Oregon as Oregon imports 100% of 
natural gas and oil, which has an effect on the economy. In addition, the price of 
petroleum increased between 1999 to 2003 for residential heating oil, on-highway diesel, 
regular gasoline to 39%, 25%, and 30%, and the residential consumers increased to 23%. 
The increase is higher for business customers. Also, between 1999 and 2004 the natural 
gas price increased by 168%. Due to the rise in energy cost and the effect on the industry, 
in 2000 there was a loss of more than 14,700 manufacturing jobs out of 208,700., Also, 
natural gas is considered a critical  component in chemical manufacturing. This affected 
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more than $519 million from the export from Oregon in 2005, and supported more than 
3750 jobs [33]. The cost of electricity increased to 75%, and between 2000 and 2007 the 
price of natural gas and transportation fuels increased to 91%, 102%. In addition, climate 
change and peak oil are threatening the quality of life in Oregon. In addition to all of 
these problems that effect the potential to use the energy, buildings also had a large effect 
on energy consumption as it takes more than half of the total used energy, which leads to 
an increase in the search to improve building electrical and to increase the diversity of 
energy supply to these buildings [34]. All of these factors helped in the search to find 
other solutions that cover all these problems and they found the best thing to do is to use 
renewable energy. The world today tries to find the best way to benefit from natural 
resources such as water power, wind power, biomass, solar power, and geothermal 
energy that are sustainable energy generation and that reduce the cost to make renewable 
energy suitable to all consumers [3]. Due it its suitable environment and natural 
resources, Oregon has huge potential to use renewable energy alongside its electricity 
sector.   
1.2 Problem Statement 
Although the American Council for an Energy Efficient Economy (ACEEE) 
considered Oregon the third in electrical, Oregonians consume annually approximately 
$15 billion on energy, and they still work to minimize the cost of energy to maintain on 
both environmental and public health costs. In the legislature created for the Oregon 
Department of Energy in 1975, there is a requirement to review the continued growth for 
renewable energy forms to avoid problems that will occur in the future. Today there are 
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many difficulties to improve the opportunities to use renewable sources, such as it‘s hard 
to match the demand of energy with increasing population so the opportunity to use 
renewable sources would give the opportunity to serve users‘ energy requirements and 
maintain electrical. Improvement for clean energy creates a positive impact on the 
environment and Oregon has opportunity to do that. So it‘s important to have remote 
renewable energy generation resources accessible to an area that has a heavy load of 
demand energy, and to create greater resiliency to the Western Electric grid in the next 30 
years [35]. Geothermal sources have the ability to deal with environmental and health 
costs because it‘s clean energy and it can generate clean energy. Also, it can be installed 
in different areas to serve different cities, and it can be modified to connect with the 
electrical grid.  
 In 2012, Oregon released a ten year energy action plan because it‘s difficult to reach 
a 100% of new electric growth without working with public buildings. The State Building 
Innovation Lab (SBIL) works to create deep energy savings into public buildings through 
working with lab pilot innovation in financing and program design. For creating 
benchmarks, it requires a data model and works to improve the model by coordinating 
with other entities and shaping data standardization. This process calculates cost 
efficiency for the next ten years. There will be difficulties in clean energy infrastructure 
improvement unless finance and regulating barriers are removed [35]. From the literature 
review on geotechnical energy, research studies showed that geothermal sources are a 
requirement for future progress in reducing the energy load as public buildings consume 
a lot of energy, and that requires a recalculation of all processes of energy consumption 
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and looking for best way of using energy. In the end, this will maintain the environment 
and reduce the financial cost. 
On the part of consumption, although Oregon has diversity of energy resources by 
depending on petroleum, natural gas, renewable energy to cover all the consumption in 
the state, the main energy sources go to home heating. In 2012, electricity use for home 
heating was 50%, natural gas was 37.5 %, and fuel oil was 2.5%. Most of energy 
consumption goes to transportation, which uses annually sixty three million barrel of 
petroleum. According to the Energy Information Administration in 2012, Oregon 
consumption by end use sector 30.7 %for transportation, 25.1 % for residential, 25.0 % 
for industrial, 19.1 % for commercial.  It‘s necessary to find a solution to the pollution 
that comes from the transportation industry. Most people in Oregon use cars that depend 
on gasoline, and a few people use electric vehicles [35]. We can use renewable energy 
like geothermal energy for commercial, industrial, and residential use thereby reducing 
the dependence resources like petroleum, and reduce the effect of pollution on the 
environment. 
Much of the electricity supplied to Oregon energy consumers comes from outside 
of the state. The nuclear power comes to Oregon via the Bonneville Power 
Administration that depends on the Columbia Generating Station in Hanford, 
Washington. Coal covers 33% of the requirement for electricity, and the source comes 
from Portland General Electric (PGE) in Boardman, Oregon, as well as plants in Utah, 
Wyoming, and Montana.  With the creation of new wind facilities in 2011, PGE revised 
and decided to terminate the use of the Boardman coal plant by December 2020 [35]. The 
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use of wind and geothermal sources and other alternative energies will create more 
dependence on Oregon‘s own resources.  
 According to the Energy Information Administration (EIA), the price of natural 
gas fluctuates each year.  The rate of electricity per sector also increases each year. 
Commercial rates increased to 8.68 cents/kwh in 2014 compared to 7.57 in 2010, and 
industrial rates increased to 6.29 cents/kwh in 2014 compared to 5.65 in 2010. The EIA 
shows the increase in the retail price of electricity in residential, commercial, industrial, 
and transportation sectors [35]. The use of geothermal sources will create a constant price 
rate if Oregon knows how to obtain the full advantage of this resource, and ultimately this 
will reduce the price of energy. 
In terms of carbon emissions, Oregon is trying to find the best way to address 
climate change by making several changes by evaluating proposed carbon reduction 
plans. This process for developing the plan is complicated because it needs collaboration 
between the Oregon Department of Environment and other state agencies, and requires 
many mechanisms to achieve the carbon reduction required by the plan. One proposed 
outcome is to reduce  carbon emission by about 50 % .The closure of the coal station at 
Boardman will support this outcome by 2020[35]. Using geothermal sources will lead to 
the reduction of carbon emission since geothermal sources will not effect on the 
environment. 
 Oregon consumes a lot of thermal energy, and 80% come from natural gas and 
electricity. Thermal energy is used in different applications like heating and cooling for 
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our homes and buildings. By the end of 2009, Oregon use by sector showed 51 % for 
industrial, 32 % for resident, and 17 % for commercial purposes [35]. Using geothermal 
sources will lead a reduction in the load on the electric system. 
Nuclear energy is also a risk to people who live in Oregon, especially those 
people who live within the 50-mile nuclear emergency planning zone in Hanford and 
Columbia Generating Stations in Washington. Approximately 29,000 people live in the 
communities of Boardman, Irrigon, Hermiston, and Umatilla, Oregon. Any accident that 
leads to a fire or an explosion generates an airborne release of radioactive materials. The 
Oregon Department of Energy (ODOE) worked extensively with Morrow and Umatilla 
counties and other agencies through inspection regularly their emergency preparedness 
programs. Theses counties stopped receiving funds supporting their emergency 
preparedness program in 2012, although they still participate in nuclear emergency 
planning [35]. Using geothermal sources will effectively reduce the risk that comes from 
nuclear energy, and it will be safer for people who live in this area. 
There is good opportunity to invest in renewable energy because Oregon has made 
progress from ranking 35th in the country in 2010 to ranking 30th in 2012 by making 497 
trillion Btu of renewable energy. Geothermal is a good investment for this progress of 
renewable energy production, as Oregon has the third ranking in the opportunity for 
having energy after Nevada and California [35]. 
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1.3 Research Objective: 
The objective from the research study is to find the assessment model framework that 
can be used for supporting electrical in Oregon by the development of geothermal energy 
sources. The research study works through collaboration between utility objectives and 
goals for filling the gap that is available, and works to have a solution by making a 
comprehensive decision- making process to evaluate the accurate outcome. Multi Criteria 
Decision Making (MCDM) is a suitable tool to do the decision -making process. This 
approach will help to evaluate the diversity of users, which will reduce the uncertainty 
associated with this diversity [30]-[32]. Overall, the research model will increase the 
knowledge about how to develop geothermal energy sources for supporting electrical 
system in Oregon. And thus to minimize the uncertainties in decision making, create a 
better understanding of the  potential applications in different areas inside of Oregon, and 
to find the optimum way to reach electrical. 
The research development model for geothermal energy sources will try to find 
answers to the following research question: 
 What are the criteria for assessing the support of the electrical system from 
geothermal energy sources? 
 Which geothermal energy resource alternative has the highest impact for 
developing the electrical system? 
 How will changes in the energy resources effect in the analysis for making 
decisions? 
12 
 
 What are the current technologies that are available that will allow for the more 
efficient extraction of geothermal resources, and that will be more effective in the 
electrical system? 
The research questions listed above try to support the achievement of the research 
objective in the following ways: 
 To identify the main criteria that affect the enhancement of the electrical system 
by depending on geothermal energy resources. 
 To develop a multi-criteria model for enhancing geothermal energy resources that 
better reflects the electrical system by collecting information from different 
sectors, which will create better usage from the electrical system. 
 To identify and rank the main technologies that support the adoption of 
geothermal production in the Oregon.  
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CHAPTER 2: LITERATURE REVIEW 
2.1  Decision Making in Energy Planning  
In the 1970s, researchers focused their studies on creating a single outcome that was 
focused on the economics of renewable energy, which motivated them to create small 
model interactions with the energy- economic sectors. The stated goals were to have a 
constant price and to establish the role of structured parameters. Through this structure, 
they were able to calculate the total expenses of the energy sectors and could understand 
the best way to keep energy-economics cost effective [36]-[38]. With continuous demand 
on energy, different issues began to show in terms of energy planning since one 
dimension, such as the economy cannot solve the complicated process. Because of its 
popularity in solving complicated processes, MCDM began to be used in decision 
making for sustainable energy. MCDM is successful in dealing with the multi-dimensions 
of sustainability goals, and in the combination of socio-economic and biophysical 
systems. MCDM differs from previous methods, which work with one-dimension only, 
and it works with different criteria in the energy supply system from technical, economic, 
environmental, and social aspects. Different comprehensive MCDM methods are used for 
this purpose: Analytical hierarchy process, TOPSIS, and ELECTRE. MCDM works with 
decision uncertainty, and helps the decision- maker to choose the best acceptable 
innovation technology in the energy sector [30][39]-[42]. 
After the exploration of oil and gas in 1960s, many studies found that decision 
analysis (DA) was important in solving complicated problems, and that contributed to the 
use of DA in the application from industry to the public sector. DA can be used as 
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strategic or policy decision making for solving uncertainties and multiple conflict criteria. 
The energy and environmental issue (E&E) is complicated because it requires dealing 
with multiple objectives since it deals with many uncertainties in decision making, a long 
time frame, capital investment, and a large number of stakeholders which requires DA for 
solving this issue. Decision analysis methods can be divided into three groups:  Single 
objective decision making (SODM) method, Decision Support System (DSS), and 
MCDM method and this shown in the figure below: 
Figure 1: Decision Analysis Methods with Branches 
 
SODM:  Works with a class of methods for reaching the available solution under a single 
objective situation. SODM is into a Decision Tree (DT) and an Influence Diagram (ID) 
Both work to make SODM a simpler and more compact representation of decision 
problems. 
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MCDM:  Gives the decision maker the choice to prioritize alternatives by depending on 
several criteria. MCDM has mainly two branches: Multiple Objective Decision Making 
(MODM) and Multi Attribute Decision Making (MADM). The reason to choose MODM 
is to find the best among alternatives. MADM is to the popular choice to use in energy 
planning. 
DSS: Uses flexible and adaptable software systems that cover models, databases, and 
other decision aiding tools. 
From different studies, it was observed that decision making in energy planning 
can be used in different applications, and it can be narrow into two groups: Strategy 
/Policy(S/P) and Operational/Tactical (O/T) levels. The S/P level works with macro 
issues like energy policy analysis, energy investment planning, and energy conservation 
strategies. The O/T level works with operational and short term development like 
bidding, pricing, and technology choice. After that it has seven application areas: energy 
policy analysis, electric power planning, technology choice and project appraisal, energy 
utility operations and management, energy- related environmental policy analysis, 
energy-related environmental control and management, and miscellaneous category. 
Small clarifications about each application are below [43]: 
Energy policy analysis: Works for an assessment of the energy system through 
improvement and formulation of energy policy. This branch of energy works for regional 
assessment, public debate on energy policy, energy conservation strategies, and energy 
resource allocation. 
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Electric power planning: Works with strategic planning in power generation, 
transmission, and distribution. 
Technology choice and project appraisal: Works with energy technologies and the 
appraisal of energy that leads to investment in the project. This branch of energy must be 
classified under electric power planning when the availability of both technology and 
investment are part of the project. 
Energy utility operations and management: Works with the operational issue in the 
energy industry like energy biding and pricing, power plant siting, and management of 
energy companies. This branch of energy works with all energy sources. 
Energy- related environmental policy analysis: This is at the policy level, and is related to 
assessing the environment, and it works to solve the problem. These problems are the 
assessment of climate policy, public debate on green-house warming, and air pollution 
control policy. 
Energy-related environmental control and management: Works to cover different aspects 
like solid waste management, evaluation of waste storage sites, and environmental 
analysis that match development of the project. 
Miscellaneous category: This branch is customized to work with any problem that can‘t 
be solved with the six branches mention above. 
MCDM is important to use with all of these branches since each branch has goals 
that are different from the others. The table below clarifies why MCDM is more actively 
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used than SODM, and how both MCDM and SODM can work with the seven of 
application above: 
Table 1: MCDM Shows More Active than SODM 
Applicatio
n Area 
SOD
M 
MCDM 
DS
S 
Othe
rs 
Total 
numb
er 
D
T 
I
D 
MOD
M 
MAU
T 
AH
P 
ELECT
RE 
PROMETH
EE 
Energy 
policy 
analysis 
1 0 18 8 20 3 2 4 11 60 
Electric 
power 
planning 
2 1 3 4 6 0 0 2 5 27 
Technology 
choice and 
project 
appraisal 
11 4 1 7 7 2 3 1 2 32 
Energy 
utility 
operations 
and 
manageme
nt 
19 4 6 13 4 3 2 11 2 54 
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From the literature, it is important in decision analysis studies to focus on energy 
planning to have methods to simplify this process. The methods in decision analysis can 
be divided into the following aspects: economic analysis, decision analysis, and system 
analysis methods. 
2.1.1 Economic Analysis Methods  
Tools that can be used with economic analysis method are divided into: 
Cost/Benefit Analysis 
Cost Effectiveness Analysis 
Energy- 
related 
environme
ntal policy 
analysis 
3 0 2 4 9 1 2 3 7 27 
Energy-
related 
environme
ntal control 
and 
manageme
nt 
4 4 1 11 4 5 1 6 10 43 
Miscellane
ous 
1 0 0 1 2 0 0 2 3 9 
Total 
number 
41 
1
3 
41 48 52 14 10 29 40  
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Life-cycle Cost Assessment 
Payback Period Analysis 
Real Option Analysis 
2.1.1.1 Cost/Benefit Analysis 
Cost benefit analysis has two parts and it requires both sides to work. The first 
part of the cost benefit analysis is the measuring of costs and benefits with the progress in 
the time, and which is evaluated in terms of the willingness to pay. For benefits, this 
means choosing the maximum amount can be paid for reaching this purpose. For costs, 
this means choosing the minimum amount that can be paid for reaching this purpose. The 
second part consists of cost benefit criterion that is decided by choosing the project if the 
net present value of benefit is positive and to refuse the project if the net present value 
negative [44]. 
  Cost benefit analysis is used in a diverse array of applications, like global climate 
policy [44], climate change [45], power generation [46], wind energy [47], technology 
and environmental policy [48], domestic electrical [49], local air pollution and global 
climate change [50], and waste-reuse project for environmental purposes [51]. 
Cost benefit analysis is easy to use, and anyone can understand the results from 
using this method. It can be used in different locations, scenarios, and applications. At the 
same time, cost benefit analysis has drawbacks. For example, if a person wanted to 
calculate the cost- benefit of the project to have an accurate calculation here was a 
mistake, this would lead to a change in the result and the need to re-calculate the process. 
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2.1.1.2 Cost Effectiveness Analysis 
Cost effectiveness analysis was improved through the World Health Organization 
(WHO).This improvement reflects the assessment of the efficiency in different 
interventions and scenarios. This method works to clarify the intervention scenario and to 
enhance the effectiveness in every scenario [52]. This method cannot work with cost and 
benefit, which works with cost benefit analysis.  
Cost effective analysis is used a diverse array of  applications like energy 
production in the EU [53], climate policy [54]-[57], wind/pv/ fuel cell power generation 
system [58], renewable energy electricity policy [59],  new commercial building [60], air 
quality and greenhouse gases [61],  and global warming [62]-[64].  
Cost effective analysis is similar to cost benefit analysis because it is easy to 
understand. Also, it can work with different programs that deal with same disease or goal. 
Cost effective analysis like cost benefit analysis has limitations and drawbacks. The 
organization of the analysis is not the same for reaching calculations and that impacts the 
results. For example, some researchers found that it placed the same value on every 
individual and it did not take into consideration age (infant and middle age assumed 
equal). Another study found that the calculation of the years of an individual impacted 
their life.  
2.1.1.3 Life-Cycle Cost Assessment 
Life cycle cost assessment works to estimate the cost of the whole life of the 
product that collaborates with the system through present and future cost.  The goal from 
21 
 
using this method is to evaluate the total cost of project alternatives, and to choose the 
design that supports the lowest in general and that reflects on quality and function [65]. 
Life cycle cost assessment can be used in a diverse array of applications like 
energy building [66]-[69], alternative fuel [70], environmental analysis [71]-[73], 
sustainability [74]-[76], greenhouse gas emission [77]-[79], object oriented framework 
for highway bridge [80], and solar energy [81]. 
The result from using life cycle cost analysis leads to more revenue or lower cost 
when this method takes in these into consideration. In addition, the best decisions will be 
made since it provides more accurate information, and thus a realistic assessment of 
revenue and cost will be generated. However, life cycle cost can lead to financial 
problems when the cost of the business increases more than customization budget. 
2.1.1.4 Payback Period Analysis 
Payback period analysis is the duration of time that is required to get a return on 
the money that was invested over a certain period of time. A long-term payback period is 
no favorable. A short-term payback period is more desirable. This method is more 
important because it determines if the investment or project is acceptable or not. 
Payback period analysis can be used many different applications like evaluation 
of photovoltaic system [82]-[86], electricity generation power plant [87]-[88], wind 
energy [89]-[90], environmental analysis [91]-[92], solar hot water system [93], 
commercial building application [94]-[96], and carbon dioxide emission [97]-[98]. 
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Payback period analysis has many advantages. For instance, this method is easy to 
use and calculates the result, giving a more accurate assessment in the final decision for 
reaching the investment proposal, An assessment of the risk will occur, and the degree of 
certainty depending on period of the risk. Besides all of these advantages, it has 
disadvantages. For instance, the calculation for payback and time value of money is not 
clear in the result. In addition, it focuses a lot of attention on liquidity and leaves off 
profitability. 
2.1.1.5 Real Option Analysis 
Real option analysis considers alternatives when opportunity is available for 
business investment by looking at real, tangible assets. Real option analysis is used when 
there is the ability to expand and cease projects, and when many conditions make it 
difficult to choose between alternatives. This process will help decision makers to make 
decisions accurately. 
 Real option analysis can be used for different applications like sustainability 
[99]-[100], hydropower energy [101], high uncertainty technology investment [102]-
[103], renewable energy [104]-[105], carbon emission [106]-[107], risk management 
[108], and challenges in making decision [109]. 
Real option analysis is useful in helping decision makers accurately choose 
between the best alternatives according to situation. 
The table below summarizes the economic analysis with the tool according to 
literature review.  
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Table 2: Methods Used in Energy Planning with Respect to Economic Analysis from the 
Literature 
Type of evaluation Methods Reference 
Economic Analysis 
Cost benefit Analysis [44]-[51] 
Cost effective Analysis [52]-[64] 
Life-cycle cost Assessment [65]-[81] 
Payback period Analysis [82]-[98] 
Real Option Analysis [99]-[109] 
2.1.2 Decision Analysis Method 
Tools that can be used with decision analysis method divide into 
Decision Trees 
Influence Diagrams 
Multi-Attribute Utility Theory 
Analytic Hierarchy Process (AHP) 
Analytic Network Process (ANP) 
PROMETHEE 
ELECTRE 
2.1.2.1 Decision Trees 
Decision trees work by finding a course of action or to show a statistical 
probability. Every branch in the decision tree means the probability of the decision. 
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These branches help to simplify complex decisions and according to decision trees, the 
most viable alternative will be selected. 
Decision trees can be used in variety of applications like forecast application 
[110], cost effective operation strategy [111], electric energy consumption [112], solar 
and wind power [113], renewable energy policy [114]-[115], environmental affect [116]-
[117], building energy [118]-[119], enterprise-wide modeling & optimization [120], and 
program model in energy [121]. 
There are many advantages in using decision trees.  Decision trees are not 
complicated, are easy to understand, and are simple to execute. Also, the performance 
will not be affected when the trees have a nonlinear relationship. Decision trees require 
little effort for data preparation as compared with other methods. The decision tree does 
have problems when it is supplied with continuous data. For example, it is unstable 
because when decision trees change the data, this leads to a change in the calculation for 
future data. 
2.1.2.2 Influence Diagram 
An influence diagram shows problems that need decisions to be made in order to 
solve them. It shows different shapes and colors for decisions, uncertainties, and 
objectives as nodes in the network. In the influence diagram, there are four types of nodes 
that create the decision problem. These nodes explain the situation ‗‘what do we do?‘‘, 
―what is the outcome?‖, and finally, ‗‘ How do we like it?‖. 
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Influence diagrams work in a diverse set of applications such as life cycle 
assessment of renewable energy [122], ranking cycle for waste heat recovery [123], 
organization of renewable energy [124]-[125], building energy [126], analysis 
frameworks [127], sustainable energy system [128], and  wind energy [129]. 
An influence diagrams has many advantages. For example, in the case of 
quantitative information, it simplifies the cause and effect phenomena. Also, the benefit 
of the model influences the diagram though up keeping and upgrading. It has a function 
of open windows instead of black boxes. However, influence diagram has limitations for 
use. For example, although the model is easy to understand, it is difficult to build the 
model. 
2.1.2.3 Multi-Attribute Utility Theory (MAUT) 
Multi-Attribute Utility Theory (MAUT) works as a tool to solve complicated 
decision making problems. This complicated process results from the probability nature 
of the problem, and a multitude of quantitative and qualitative factors.  Kenny and Raiffa 
[130] developed a concept for solving complicated decision problems through multiple 
attributes and multiple conflicting objectives, which leads to a systematic approach of 
multiple attributes utility analysis. MAUT solves the problem for decision makers by 
simplifying the structure in the form of a simple hierarchy. This process impacts the 
solution for a large number of uncertainties in both cases quantitative and qualitative 
[131]. 
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MAUT works in different applications such as energy policy [132]-[133], risk 
analysis [134], power plant [135], climate change mitigation [136], environmental 
analysis [137], building energy [138], green supply energy management [139], wind 
energy [140] and decision models for project selection [141]. 
MAUT has many advantages and it can participate in the different aspects such as 
economic, environment. It must have more data than MOP. In addition, it has less 
difficulty in the computations than MOP [131].  Although MAUT has advantages, it has 
some limitations. For example, in the program goal MAUT doesn‘t have the ability to 
weigh coefficients, and that the reason why many researchers use another methods like 
AHP. The huge amount of input that is required in every step for reaching accuracy in the 
decision outcome will lead to intensive data, which may not be found in every step in the 
process of decision making [142].   
2.1.2.4 Analytic Hierarchy Process (AHP) 
AHP is used for solving complicated decision making. There have been many 
developments in this method by Thomas L. Saaty in the 1970s. It is acceptable in 
different scientific communities to solve complicated decisions in technical part and 
environment [143]-[144]. Also, this method facilitates the long decision process by 
dividing it into smaller elements to make the decision process easier [145]. In addition, 
the pair-wise comparison is used to help make decisions, and Satty suggests using a 1-9 
scale measurement and eigenvector [145]. While Kocaoglu suggests using 100 points 
between each pair [146]. 
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AHP is successfully used in different applications such as long- term 
improvement in the national electrical and GHG control panel [147], energy alternatives 
for the household [148], development of hydrogen technology [149], energy policy 
planning [150], renewable energy planning [151]-[152], transportation fuel policy [153], 
and environment impact assessment [154]. 
The process of AHP has many stages before reaching a decision. The first stage is 
the target, which is represented by the selection of the best alternative among others. The 
second stage works to evaluate the criteria according to the alternative. The third stage 
makes a hierarchy by simplifying a complex problem into a small problem. The fourth 
stage evaluates if the hierarchy arranged is suitable or not according to the target. The 
fifth stage creates an online peer-review system.  On the sixth stage makes the pairwise 
comparison, and calculate the weight of the criteria after that. The seventh and eighth 
stages examine the consistency. The ninth stage reviews the consistency of the ratio, 
which must be between 0 and 0.1. After the completion of all of the stages, it must go the 
tenth stage to select the best alternative that leads to the best development of alternative 
energy technology [147]. 
2.1.2.5 Analytic Network Process (ANP) 
ANP is a tool for making decisions, and it has the flexibility to use interaction and 
feedback during and between clusters. The feedback is very important for the process of 
making decisions, and it develops the process of decision in the human society. The 
framework that contains the cluster of elements has a major effect on creating ANP. That 
impact is the desired way for reaching the process of deriving ratio scales. ANP was 
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improved by Saaty as a new concept for expansion of AHP.  The advantage of using 
ANP is to use ratio scales to capture all kinds of interaction [155]. 
ANP is used in different applications like alternative fuels for electricity 
generation [156]-[157],  SWOT analysis [158], selection of photovoltaic solar power 
plant investment projects [159],  sustainable building energy [160], environment 
impact[161]-[162],  strategies analysis for CO2 reduction management [163],  and solar 
energy industry [164]. 
Although there are advantages in using ANP for different applications, it has 
some limitations. For example, there are challenges in choosing the correct network 
structure among other criteria because the different structures impact the result and the 
experts too. Also, it has difficulties in forming a super-matrix, and all criteria must be in 
pair-wise comparison with respect to other criteria [165].   
2.1.2.6 PROMETHEE 
The PROMETHEE method was developed in 1982 by Brans, and improvements 
were made to this method during the period between 1985-1994 by Brans, Vincke, and 
Mareschal. This method considers outranking as it works to complete aggregation 
(MAUT) and it needs additional information. PROMETHEE has three major tools that is 
uses to simplify and solve a problem: PROMETHEE 1 ranking, PROMETHEE 2 
complete ranking, and PROMETHEE 3 GAIA plane [166]. 
PROMETHEE is successfully used in many applications like sustainable energy 
planning [167]-[168], national energy scenarios [169], evaluation of geothermal energy 
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projects [170], evaluation of wind energy [171], decision making in fuzzy environment 
[172], distributed residential energy systems [173], assessment of solar thermal 
technology [174], and chemical emissions on motor vehicles [175]. 
PROMETHEE has many advantages when it is used. For example, PROMETHEE 
1 works to prevent occurring trade-offs between scores on the criteria, which is more 
likely to happen with AHP. PROMETHEE doesn‘t need a lot of effort to reach synthesis, 
and that leads to completion without a lot of effort for each alternative on every criteria. 
However, PROMETHEE has some limitations. PROMETHEE 1, the partial ranking, 
when it prepares to complete the ranking PROMETHEE 2 of the alternative, the specific 
details are usually lost during the transfer. PROMETHEE doesn‘t have the ability to build 
a classical decision tree or another guideline to eliminate the weight that occurs only with 
a criteria hierarchy [166]. 
2.1.2.7 ELECTRE 
The ELECTRE method is part of MCDA, and it was used in the 1960s. This 
method was discovered by Bernard Roy and his colleague at SEMA Company. This 
method has ability to deal with difficult situations in both quantitative and qualitative for 
supplying the order of the alternative [29]. In addition, it works with uncertainty and 
vagueness that lead the creation of data from predictions and estimations [176]. 
The ELECTRE method works in different applications like thin-film photovoltaic 
production processes [177], aids approach for energy planning problems [178], 
environmental modeling [179], selection for alternative energy [180], promoting 
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electrical [181], integrated decision aid [182], and assessment of renewable energy 
sources [183]. 
The ELECTRE method has advantages. For example, it has the ability to make 
the decision by selecting the decision parameters, and depending on the intervals can 
ignore the fixed value [184]. However, it has some limitations. For example, sometimes 
this method is unable to choose the best alternative because it isn‘t require to finish the 
task in the system [29]. 
The table below summarizes the decision analysis with tools according to 
literature review. 
Table 3: Decision Analysis Used in Energy Planning from the Literature 
 
2.1.3 System Analysis Methods 
Tools that can be used with system analysis method divide into 
Simulation Modeling and Analysis 
Type of evaluation Methods Reference 
Decision Analysis 
Decision Trees [110]-[121] 
Influence Diagram [122]-[129] 
MAUT [130]-[142] 
AHP [143]-[154] 
ANP [155]-[165] 
PROMETHEE [166]-[175] 
ELECTRE [29][176]-[184] 
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System Optimization 
TOPSIS 
2.1.3.1 Simulation Modeling and Analysis 
It‘s a method to analysis a digital prototype of a physical model to guess its 
performance in the real world. Engineers and designers benefit from this method to 
determine and understand the conditions, such as which part can fail and which part can 
be successful in all processes of testing. 
Simulation modeling and analysis works in different kinds of application such as 
building energy performance [185], the dynamic behavior of a polymer electrolyte 
membrane fuel cells [186], system analysis for advanced vehicles [187], emerging 
technology [188], architecture for sparse sensor networks [189], end-use energy 
consumption in the residential sector [190], software process simulation [191], and 
daylight availability and irradiance components from direct and global irradiance [192]. 
Simulation modeling and analysis has many advantages when it is applied in 
different applications. For example, it can reduce the calculation that requires many years 
to obtain by impacting the quickly changing environment in real life by depending on the 
use of a computer system within a considered time frame. Also, it works to simplify the 
complex problem where there is no easy way to reach the result. Finally, it can be used 
for obtaining a result that is beneficial to avoid the occurrence of a dangerous situation in 
real life. Moreover, it doesn‘t have ability to understand all physical systems, which can 
affect the ability to have enough data to create a mathematical model. This complex 
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system requires a computer system with a fast processor and a large amount of memory 
for solving complicated processes. Finally, the formula and function cannot reach 
accurate results in the system from the simulation. 
2.1.3.2 System Optimization 
This method is part of system science, and it is used to minimize the running 
process in a computer, changing work mode, deleting unnecessary break offs for more 
efficient computer performance, etc. System optimization works in many fields like, 
clean windows, temp files in the Temp Folder, free disk space, and minimizing the 
possibility of system errors.  This process creates more efficiency and use of resources 
for obtaining best result. 
System optimization can work in different kinds of applications such as energy 
management system planning [193]-[194], stand-alone hybrid solar–wind system [195], 
photovoltaic power systems [196], advanced alkaline electrolyzers [197], methods 
applied to renewable and sustainable energy [198], sensitivity analysis of photovoltaic 
system in residential buildings [199], district heating systems [200], and future energy 
systems [201]. 
System optimization has many advantages when it is used in different 
applications. For example, it is successful in the business process impact to have more 
efficiency, and this leads to more efficient ways of using resources, minimizes stress, and 
assists people in being more productive with their time. In addition, the cost of usage will 
be reduced when using system optimization since it helps to minimize errors and obtains 
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a high quality of improvement in the result. Finally, accuracy of information will be 
increase when users use this method. Yet system optimization has disadvantages. For 
example, engineers can use the function technique to find optimal calibration by 
depending on iterative procedures that interact with a computer program. 
2.1.3.3 TOPSIS 
The Technique for Order of Performance by Similarity to Ideal Solution 
(TOPSIS) is considered a multi-criteria decision analysis. This method was improved by 
Hwang and Yoon in 1981. TOPSIS works through taking the shortest geometric distance 
from the positive ideal solution and the longest geometric distance from the negative 
ideal solution. It works through comparing a set of alternatives by determining the weight 
for every criterion, normalizing the score for every criterion, and finding the result of 
geometric distance between every alternative and the best alternative. 
TOPSIS can work in a diverse array of applications such as assessing thermal-
energy storage [202], state -of -the -art survey [203], energy efficient network selection 
[204], automotive industry [205], reduction on pollution emission base [206], evaluation 
and selection of thermal power plant location [207], building energy performance with 
multi-criteria technique for order preference [208], and the integrated framework for 
analysis of electricity [209]. 
TOPSIS has many advantages when it is used. For example, the process is easy to 
use since the number of steps will stay the same without changing when it has a number 
of attributes. The disadvantages are that the geometric distance doesn‘t give attention to 
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the correlation between attributes, and it is hard to weight attributes and maintain 
consistency of judgment. 
Table 4 : System Analysis Used in Energy Planning from the Literature 
2.2 Research Gap Analysis 
 
From the literature review (academic journals, web articles related to energy 
technology) it has been observed that it is important to focus on the following areas: 
 The different procedures and systems that are required for renewable energy for 
development of resources. 
 The requirements of using renewable energy to support electrical systems. 
 Decision making methodology in energy planning. 
Table below clarifies the key research areas and findings from the literature review: 
Table 5: Key Research Area and Finding in the Literature 
Type of evaluation Methods Reference 
System Analysis Method 
Simulation Modeling and 
Analysis 
[185]-[192] 
System Optimization [193]-[201] 
TOPSIS [202]-[209] 
Research area Finding Literature 
Different procedure and 
system require for renewable 
energy for development the 
resources 
Complicated process of 
development renewable 
energy and increasing 
demand to have energy and 
maintain on social, political, 
[4-9], [10] [11] 
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From the research findings in this table, many research gaps have been identified. 
Many of the research gaps were found from the literature and from other scholars.  
These gaps are the need to 
 Find systematic approaches through enhancing electrical systems by depending 
on geothermal energy resources. 
environment, economic, and 
technical. Minimizing tax, 
granted loan from the 
government. 
Support energy efficiency 
system 
Geothermal energy resources, 
seven application areas: 
energy policy analysis, 
electric power planning, 
technology choice and 
project appraisal, energy 
utility operations and 
management, energy- related 
environmental policy 
analysis, energy-related 
environmental control and 
management, and 
miscellaneous category. 
[9], [15], [24], [29], [43] 
Decision making 
methodology in energy 
planning 
(DA) is important to solve 
complicated process. DA can 
be used as strategic or policy 
decision for solving 
uncertainties and multiple 
conflict criteria, energy 
planning requires multi 
criteria to solve complicated 
process since one dimension 
cannot solve these criteria 
from one dimension. MCDM 
applies in different sector of 
energy planning. 
[29], [30]-[32],[39]-
[42],[43], [55]-[58], [147]-
[154], [155]-[165], [166]-
[175], [176]-[183] 
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 Improve a multi-criteria model for enhancing geothermal energy resources that 
reflects on better electrical systems. 
 Collect information from different sectors that can benefit from electrical systems. 
For finding solutions to these gaps, several questions were used. They are listed below: 
  What are the criteria for assessing the support of electrical systems from 
geothermal energy sources? 
 Which geothermal energy resources alternatives have the highest impact for 
developing the electrical system? 
 How can changes in energy resources affect in the analysis for making decisions? 
 What are the current technologies available for developing and extracting 
geothermal resources that will be more effective in the electrical system? 
Figure below clarifies research gaps, goals, and questions. 
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Figure 2: Research Gap, Goals, and Research Question 
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CHAPTER 3: RESEARCH APPLICATION BACKGROUND 
3.1  Importance of Geothermal Energy in Oregon 
It is very important for current and future politics focus on energy safety, energy 
independence, and minimizing the affect of greenhouse gas emissions. Many countries 
found that it‘s necessary to support the use of renewable energy, and they see that 
geothermal energy has the opportunity to be developed and to be successful. Different 
applications of technology principles like ground source heat pumps (GSHP), 
groundwater heat pumps (GWHP), are used for obtaining the best service to the 
community [210]. In addition, the increasing demand for energy leads to an increase in 
the dependence on renewable energy technology. Renewable energy is challenging in 
terms of how to implement this form of energy with respect to following items: 
uncertainty in policy design and duration, unclear or inadequate enforcement, and targets 
that are too hard to reach in some cases. The challenge is to generate the motivation to 
create goals that will exceed uncertainty in policy design and duration, and unclear or 
inadequate enforcement. The 2007 Oregon‘s Renewable Portfolio Standard (RPS) 
legislative objective made it a goal to have 25% of electricity come from renewable 
energy by 2025, and that goal has led to exploring what options exist for renewable 
energy resources. The demand for electricity is expected to reach 7500 MW by 2025. As 
of 2010, the demand of energy was 5500 MW [211].  
The opportunity for success in covering a large part of the electrical system comes 
from renewable energy. Geothermal energy is one of the highest potential resources to 
reach the goal of supporting electrical system in Oregon. The report from Northwest 
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Power and Conservation showed that close to 6000 MW of wind power by 2025 will be 
available. Western Governors Association showed that close to 1290 MW of geothermal, 
and 500 MW of solar power by 2025 will be available. According to Daim, Kayakutlu, 
and Cowan, ‗‘ the 6000 MW of wind power referred to above would only translate to 
about 2000 MW of constantly available power‘ ‘in Northwest by 2025 [211]. Solar power 
works only in daylight, and depending on weather in Oregon, the probability to benefit 
from solar is approximately 15%. Geothermal energy has the potential to work all the 
time and reach the capacity factor of 90% [211]. It is very significant to drive the 
motivation to use geothermal energy resources, and each driver will clarifies on the 
following items: 
 Cost and Risk: The availability of geothermal energy resources, the knowledge 
of how to benefit reduces the cost of investment from the technology, and how 
these are reflected in different applications and minimizes the risk if a project 
continues over a long period of time.  
 Environmental Friendliness:  Geothermal energy is considered friendly to the 
environment since it doesn‘t produce carbon emissions in most of the applications 
that use energy that supports electrical systems. 
 Increasing and Changing Electricity Demand: Geothermal energy resources in 
Oregon have the potential to cover a large part of the electricity demand and the 
systems for electrical if people know how to use the best model for obtaining a 
high productivity of energy. The availability of geothermal energy resources will 
make an impact by reducing the load on electricity. As there will be an increase in 
40 
 
the load as a result from an increase in population, there is an opportunity to apply 
this new technology. 
 Uncertainty in Fuel Prices and Growing Cost of Energy:  Geothermal energy 
resources can have a constant price over a long period of time, and this impacts 
the decision making process with respect to the cost effect. Other sources of 
energy, like oil, don‘t have a constant price, and this has an effect on decision 
making. This uncertainty in the price creates inconsistent cost environment.  
3.1.1 Cost and Risk 
The availability of technology can impact and minimize cost. There is a 
reduction of cost by about 60% for application of geothermal energy resources 
with low temperatures before 2030. There is no constant price for the cost of 
geothermal energy because geothermal energy has three types: power plant, 
district heating, and the direct use of geothermal. The cost for each one is 
different than others. The cost of geothermal heating system relies on a type of 
loop system that can be horizontal or vertical. The estimated cost for a home with 
25,000 square feet with a 120,000 BTU load for both cooling and heating ranges 
from between $20,000 to $25,000 for construction. This system minimizes utility 
bills by 40% to 60%. This system is considered economical because the payback 
period is between two to ten years, and the life system for geothermal heating 
system is between eighteen to twenty-three years. The U.S government supports 
improvement for this kind of project through offering a 30% federal tax credit, 
and many states and companies work to have incentives for this kind of 
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investment [212]. During the construction of geothermal projects there is still a 
high risk of failure because it is unknown where the maximum capacity of 
production can be reached from the drilling and where the drill must be stop. 
Also, the investors must invest a lot of money in the project, and they don‘t know 
when there will be a return on the investment. In contrast, oil and natural gas are 
profitable and investors will know when the return on the investment will be 
[213]. 
The cost of a geothermal power plant is considered economical if the 
impact has been studied over a long period of time because the investment cost is 
about two-thirds for the project and one third for the facility. The graph below 
shows how the investment for a long term geothermal energy project is better than 
other renewable energies [214]. 
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Figure 3 : Levelized Cost of Selection Technologies 
 
3.1.2 Environmental Friendliness 
Geothermal energy is considered a source of sustainable energy like solar, 
wind, and biomass. This type of sustainable energy is defined as friendly to the 
environment since it releases a low emission of greenhouses gases into the 
atmosphere. Geothermal energy is sustainable, and has the potential for 
production over a long period of time with a constant level of production. The 
process for taking energy from geothermal sources requires withdrawing the fluid 
and extracting the heat content. Many parts in the world that use geothermal show 
no change in the production over the years. 
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The application of geothermal energy for power generation and direct use 
will have some effect on the environment, but it still has an obligation to protect 
the environment according to United Nations Summits in Rio 1991, Kyoto 1997, 
and Johannesburg 2001. Any type of technology used for power generation 
requires many phases of development and production, which includes: 
exploration, production tests, construction, and operation. The effect on the 
environment must not be permanent, including: changes to landscape, land use; 
emissions into the atmosphere; noise; land subsidence; seismicity; and solid 
waste. Geothermal power generation generates a lower emission of greenhouse 
gases than other technologies, and geothermal power plants generate lower CO₂ 
emissions than other technologies. It is clear that geothermal power plants are 
better for the environment than power plants that require oil, coal, or gas [215]. In 
Oregon, the type of geothermal power plant is a binary plant, and it is considered 
friendly to the environment because all of the processes occur in a closed system. 
The graph below shows how the importance of geothermal energy to reduce the 
heat loss, and why a binary power plant is the best type of power plant. 
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Figure 4: Using Types of Energy in the Electric Power 
 
The direct use application of geothermal energy has less impact on the 
environment than a power plant. The figure below shows the probability of 
occurrence and the potential effect on the environment. 
          Figure 5: Impact of Geothermal Energy Resource on the Environment 
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3.1.3 Increasing and Changing Electricity Demand 
The demand for electricity changed in the last thirty years in the Pacific 
Northwest, and that has changed because of many factors like the price of consumption 
energy, increasing human population, and construction of new projects as an opportunity 
to use new technology. All of these factors have contributed to this change in demand, 
and this change will continue and increase in the future [216]. Geothermal energy will 
reduce the load on the electricity system.  
3.1.3.1 Increasing Population and Impact on Electrical System 
The population growth in Oregon has increased in the last three years since 2014. 
Population increased in Oregon by 1.1% or by 43,690 people. According to 
Burchard,‗‘This is up from the 2013 growth rate of 0.9 percent and higher than the 2014 
nationwide growth rate of 0.7 percent‘‘[217]. The increase in population growth is 
different from the past. The population increased from 2,927,800 in 1991 to 3,962,710 in 
2014, and during this time period the rate increased by 10.7 %, which was more than the 
national growth rate 8.6 % [217]. 
Population growth has an impact on the electrical system since the electrical 
system covers a limited number of people and homes. The growth in population requires 
the expansion and building of new houses to support the rising population, and this 
requires a preplan for the electrical system.  A plan for a new electrical system needs to 
identify the future energy capacity to make the plan appropriate for an increasing 
population. The availability of geothermal energy resources will have positive impact on 
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rising populations in parts of Oregon, and will contribute to the reduction of demand on 
the electrical system. 
3.1.3.2 The Construction of New Projects for the Opportunity to Use New 
Technology 
A residential energy consumption survey from the U.S. Department of Energy 
found that every house has the equipment or a device for space heating. More than three 
quarters of homes have air-conditioning, and most of these homes use both a heating and 
cooling system during the year. Heating and cooling systems don‘t have the same source 
of energy, types of appliances, or distribution systems, and they have a different impact 
on the environment [218]-[219]. In addition, the increase in population leads to new 
projects that cover for the lack of energy. This has an impact on the use of new 
technology and the understanding of how it works to best serve the population increase. 
North America has problems supplying electricity during a peak seasons like summer, 
which results from adding new appliances with capacity loads adding to the currently 
constant loads like commercial lighting and industrial processes. These new appliances 
require additional resources of energy, which leads to many problems, such as:  an 
increase in the cost, a switch in peak capacity generators, and ways to minimize the 
demand. There will be blackouts when the supply of electricity is not enough for demand 
for electricity. Therefore, it helps to have several pricing programs to adjust for problems 
like time- of- use, critical peak pricing, real time pricing, and peak time rebate. These 
programs help to increase the knowledge to decide which strategy is more important for 
lowering peak-time electricity use [220]. The availability of geothermal energy resources 
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will reduce the load on the energy system, and decrease the import of energy resources 
while at the same time an increased dependence on geothermal energy resources will 
match the increasing demand for new projects. 
3.1.4 Constant Prices Over the Long Term 
Oil and energy prices have not been constant since the oil crisis in 1973, and there 
are many factors that have contributed to the increased fluctuation in these prices. 
Research studies showed that 95% of crude oil, refined petroleum, and natural gas 
products do not show consistency in terms of cost. A recent study showed that the price 
for crude oil is more variable than about 65% of other products [221]. From the research 
study it is clear that crude oil products will not generate a consistent price over a long 
period of time. On the other hand, geothermal energy resources have constant prices over 
the long term, and this helps accurate decision making about what is the requirement of 
geothermal energy for development.  
The price of geothermal heat is considered constant, and this encourages customers 
to support geothermal heating projects. In addition, geothermal energy is better than 
tradition fuel like coal, lignite, and fuel-oil because it has low initial operation costs and a 
low selling price [222]. The reason that geothermal energy prices are constant as 
compared to oil, gas, and natural gas is because geothermal energy resources don‘t 
require the large amount of fuel imported from sources outside of Oregon to operate. 
Although the initial investment for the construction of geothermal power plants is high 
until the completion of the construction, the size of production and capacity for 
generating electricity will lead to a modification in the price over the long term [213]. 
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The constant price will help decision makers decided which factors are necessary for 
improvement the production phase, and whether to keep the price the same or to modify 
the price to make it suitable for the process of production. 
3.2 Potential of Geothermal Energy  
There is a lot of research developed to enhance the ability of geothermal energy 
globally. The Geothermal Energy Association (GEA) data showed a large improvement 
in geothermal projects by adding twenty-one new power plants in 2014, which helped to 
support the electrical grid by adding approximately 610 MW. This improvement in the 
electric grid was a large change to add more power plants in 2014 in one year compared 
with 1997. In addition, the global market increased by about 12.8GW to include forty 
countries. The data showing that the capacity of the global geothermal industry can 
increase between 14.5 GW and 17.6 GW by 2020. The probability of reaching 27-30 GW 
by the beginning of 2030 will occur if all countries work to achieve the goal and target of 
geothermal power development. Forty countries now work to cover the lack of electricity 
through geothermal power. According to geologic knowledge and technology, 
communities and countries benefit from 6.5 of total global potential of geothermal power. 
This knowledge and technology showed that in 2005 more than 160 global geothermal 
projects were installed adding 4 GW to the electric grid [223].The figure below shows the 
progress of geothermal power. 
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Figure 6: International Geothermal Power Nameplate Capacity (MW) 
 
Many countries have set goals and targets for future geothermal power use. 
 The figure below clarifies the goal for each country and the year they will reach the 
target. 
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Figure 7: Important Geothermal Markets Announced Planned Capacity Additions & 
Targets 
 
 
According to GEA research, new geothermal projects are planned for the near 
future. Compared to other countries in the world, the U.S. dominates the market in the 
installation of geothermal power plants. The figure below clarifies established geothermal 
power markets installation capacity. 
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Figure 8: Established Geothermal Power Markets Installed Capacity (MW) 
 
In the U.S., attention has been paid to the benefits from the potential use of 
geothermal energy, and there have been large improvements for obtaining the best 
service and support to the electric grid. By the end of 2014, the U.S. succeeded in 
installing a net capacity of about 2.7 GW to the grid. The size of production from 
geothermal power under development is 1,250 MW, and there still is a 500 MW delay in 
the service because geothermal power is waiting for the agreement of power purchase. 
Many projects were developed after 2005, and these improvements represented the 
addition of thirty-eight geothermal power projects, which have contributed to have 700 
MW to the electric grid [223]. 
The figure below clarifies the improvement of geothermal projects in the U.S. 
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Figure 9: U.S. Industry Geothermal Nameplate & Net Capacity 
 
3.2.1 Developing Projects 
The amount of developing geothermal projects is different from state to state in 
the U.S, and that because of many reasons. Many companies made recommendations to 
the GEA, noting that it isn‘t a good time to invest in federal or state leasing on on-site 
locations since it there isn‘t an economic benefit. These companies will reinvest in the 
future when the market has more opportunity to invest in geothermal projects. The main 
reason to consider geothermal energy is that it is more economical than other renewable 
energy sources like solar and wind, and it can replace for oil, and gas. Geothermal 
resources require equipment for discovery, drilling, and extracting, which carries a large 
financial cost. It is important to invest in the project over the long term for the project to 
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be economical, which sometimes requires putting the project on hold, and reinvesting at a 
later date when the conditions and policies in the market change [223]. The figure below 
clarifies the distribution of geothermal energy projects in different states, and the 
probability of success according to market conditions and policies. 
Figure 10: Developing Planned Capacity Additions & Nameplate Capacity by State 
 
Figure 11: Number of Developing Projects by State 
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3.2.2 Global Technology and Manufacturing Development  
There are three types of geothermal power technology: dry steam, flash, and 
binary. Each technology specifically works with one kind of geothermal energy source. 
Each resource requires a drilling depth in the earth different from other resources because 
each depth different temperature. Flash and dry steam technology are more developed 
than binary since both flash and dry work with high temperatures, which produces higher 
energy. The percentages for using flash, dry, and binary are 58%, 26%, and 15% 
respectively. The remaining 1% is used for back pressure and other types of geothermal 
technologies [223]. The figure below clarifies the progress for using different types of 
technology during the period 1990-2014. 
Figure 12: Operating Capacity by Technology Type 
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Besides the improvement of global technology, manufacturing also has improved 
as more companies participated in geothermal energy. The geothermal turbine market 
contains many companies that supply equipment for working in high temperature projects 
like: Toshiba, Mitsubishi, and Fuji.  The low temperature Organic Rankine Cycle (ORC) 
contains one manufacturer, Ormat Technologies Inc. (ORA). Many smaller companies 
are beginning to contribute to the geothermal market. For example, Ormat manufactures 
geothermal turbines, and covers about 85% of the ORC market. Electra Therm is 
considered unique for the design for co-produced fluids geothermal facilities [223]. The 
figures below clarify the data with the equipment supply for geothermal power projects. 
Figure 13: Major Geothermal Equipment Suppliers Megawatts Operating and Project 
Count 
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Figure 14: Geothermal Equipment Suppliers as Percent of Global Market by Projects 
 
Figure 15: Geothermal Equipment Suppliers as Percent of Global Market by MW 
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CHAPTER 4: RESEARCH APPROACH AND METHODOLOGY 
4.1 Introduction 
As our project was extensive, and reaching a final decision for improvement of 
geothermal energy was complex, the best method to use was the Analytical Hierarchy 
Process (AHP). In addition, this method depends on taking surveys from an expert panels 
and analyzing their knowledge in Hierarchical Decision Model (HDM). Also, we chose 
expert panels who have diversity of knowledge in their field, and have the ability to make 
a decision without looking at the problem from one side. This method identifies each 
level and evaluates the important action in the final decision [224].  
Many developments for the model of decision making happened after using the 
Analytic Hierarchy Process method (AHP) created by Thomas L.Saaty in the 1970s, and 
it is acceptable in different scientific communities to solve complicated decisions from 
technical and environment standpoints [143]-[144]. Also, this method facilitates the long 
decision process by dividing the information into smaller elements to make the decision 
easier [145]. In addition, the pair-wise comparison helps in making decisions, and Saaty 
specifies the use of the 1-9 scale measurement and eigenvector [145]. While Kocaoglu 
specifies the use of 100 points between each pair [146]. The 100 points are more 
convenient than the 1-9 scale because experts have more flexibility to determine between 
100 points while 1-9 scale isn't as flexible [225]. The AHP model has been used in a lot 
of studies, and it was used as a basis for data in more than 1000 journal articles and 100 
doctoral dissertations [144]. 
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The Research Institute for Sustainable Energy (RISE) in the Engineering and 
Technology Management Department at Portland State University has successfully made 
a comprehensive framework to evaluate energy technology and renewable energy by 
assessing technical, social, political, environmental, and economic criteria. By using 
these criteria, the Hierarchical Decision Making (HDM) method will help the decision -
making process for selecting geothermal energy resources that impact and support 
electrical systems in Oregon. 
4.2 Research Objective 
The objective for the research study is to find the assessment model framework that 
can best be used to support electrical in Oregon by developing geothermal energy 
sources. The research study works through collaboration utility objectives and goals for 
filling the present gap that is available, and works to create a solution by generating a 
comprehensive decision- making process to evaluate the best course of action. MCDM is 
suitable tool to use for the decision- making process. This approach will help to evaluate 
various decision options that includes a diversity of users, and reduces the uncertainty 
associated with the decision [30]-[32]. Overall, the research model will increase 
knowledge about how to develop geothermal energy sources that will support electrical in 
Oregon including minimizing uncertainties, understanding the potential applications in 
different areas inside Oregon, and finding the optimum way to reach the goal of best 
course of action. 
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4.3 Research Methodology  
 
The purpose of the research study is to improve the model framework for reaching 
the potential of electrical, and to expand the model by depending on utility objectives and 
goals more than on just quantifying variables. Using this approach will help to account 
for user heterogeneity and will minimize the uncertainty generated from this variable. 
The result will be an increased knowledge and accuracy about simplifying electrical 
technology evaluation and planning approaches, which will lead to a better understanding 
of how to make the best choice in decision-making process. 
Decision alternatives in the research model are geothermal energy resources. Every 
geothermal energy resource alternative consists of different technology, and each one has 
a different purpose from the other geothermal energy resources. But every geothermal 
energy resource supports and reduces the load on the electrical system. Using different 
kinds of knowledge leads to increased information about the research study, and then 
reduces the uncertainty that will happen if they depend on one or two sources of 
obtaining information. Overall, the research model will give more knowledge to the 
geothermal field through understanding the problem, finding suitable solutions, and 
minimizing the uncertainty with respect to all utility objectives and goals. 
Levels of Research Methodology Consist of Many Major Phases: 
4.3.1 Hierarchical Decision Model (HDM) 
4.3.2 Stage 2: Judgment Quantification 
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4.3.3 Stage 3: Data Collection  
4.3.4 Stage 4: Data Analysis 
4.3.1 Hierarchical Decision Model (HDM) 
This model is considered a part of the research project aspect of the Research 
Institute for Sustainable Energy in the Department of Engineering and Technology 
Management, and HDM supplies a multi perspective assessment of various energy 
technologies such as nuclear, wave, geothermal, biomass, petroleum, hydro, wind, solar, 
biofuel, coal, synfuels, hydrogen, and conservation. The HDM method will clarify the 
problem, and help to decide which decision is most suitable for solving the research 
problem since most people don‘t have the ability to solve the complicated process of 
decision-making without dividing the problem into small parts, which helps to make the 
right decision with respect to objectives, goals, and criteria. In addition, HDM has ability 
to observe a large number of alternatives, and can analyze the alternatives from different 
angles.  This process of analysis will help to look at the problem in depth and then choose 
the most suitable decision. HDM methodology is successfully used in different 
applications like the development of hydrogen energy technology [226], risk analysis in 
energy policy [227], national emerging technology strategy [228], solar energy 
technology [229], and long-term improvements in the national electrical [230]. 
HDM is a good approach for obtaining the best decisions in geothermal energy 
resource alternatives. In this research, HDM will break the decision into smaller elements 
through communication between the mission, objectives, goals, and alternatives.  The 
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figure below clarifies the general framework for RISE, which is use in the Department of 
Engineering and Technology Management at Portland State University. 
            Figure 16: RISE Research Model 
 
Dundar Kocaoglu, PI 
Tugrul U. Daim, Co-PI 
 
Intensive literature review was read for the evaluation of geothermal energy 
resources. The literature review showed that different types of utility work under 
geothermal energy resources.  The table below clarifies the evaluation of geothermal 
energy resources from the literature review. 
62 
 
Table 6: Evaluation of Geothermal Energy Resource from the Literature Review 
Perspectives Objectives Goals Reference 
Social 
Encourage 
Community to 
Support Geothermal 
Energy Project 
Create New Jobs 
Opportunity 
[231][170][232]-
[236] 
  
Social Acceptance [237]-[239] 
Environmental 
Minimize 
Environment Impact 
GHG Emission 
[231]-[232][240]-
[244] 
Land Requirement [231][245]-[248] 
Seismic Activity [231][249]-[253] 
Using the Land for 
Other Purposes 
[231] 
Economic 
Reduce Expense of 
Investment Energy 
Projects 
Minimize Capital 
Cost 
[254]-[259] 
Minimize Operation 
Cost 
[231][260]-[264] 
Economic Boost [265-266] 
Technical 
Technical Options 
Improvement for 
Geothermal Energy 
Projects 
Minimizing the 
Demand of Critical 
Resources 
[267]-[274] 
Increasing the 
Capacity of the 
Energy System 
[275]-[281] 
Equipment 
Manufacturing 
Development 
[282]-[286] 
Political 
Minimize the 
Negative Impact on 
the General Public 
Minimizing Noise 
and Odor 
[287]-[291] 
Minimizing Property 
Damage for 
Reducing the Impact 
on Life Style 
[292]-[296] 
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From the literature review, this research is divided into four levels: 
4.3.1.1 Mission Statement 
4.3.1.2 Utility Objectives Level 
4.3.1.3 Utility Goals Level 
4.3.1.4 Alternatives Level 
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Figure 17: Hierarchical Decision Model for the Research Model 
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4.3.1.1 Mission Statement 
The purpose of using this methodology is to determine the alternative uses for 
geothermal energy development that have a high value in terms of overall objectives and 
goals of the utilities. 
4.3.1.2 Assessment Variable of Utility Objectives Level 
The role and responsibilities for the objective level is clarified in the following 
sections: 
 Encourage Community to Support Geothermal Energy Project: Using 
geothermal energy project will make future customer life easier and more 
convenient, that will encourage customer support for geothermal project, and that 
will increase the adoption and development in this field. The availability of 
geothermal projects is necessary for supporting the general public and the job 
sector with more improvement in the operation it compares with other sources of 
energy. 
 Minimize Environmental Impact: Pollution increases from the expanding the 
demand for energy in different sectors, which effects the environment through 
effecting greenhouse emissions. The availability of geothermal energy will have 
positive impact on the environment since it doesn‘t consume a huge amount of 
fuel as compared with other sources of energy, so it will reduce GHG emissions. 
In addition, it is possible to drill from one geothermal energy source site and 
reach other geothermal energy source-sites. This has a positive impact on the 
environment because it reduces the drilling to one site and doesn‘t effect on other 
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sites, and the earth can be used for other purposes. Also, it is possible to create a 
beautiful landscape in the surrounding areas of geothermal energy sources without 
creating a negative impact on the wildlife. 
 Reduce Expense of Investment Energy Projects:  Increasing population creates 
challenges to keep-up with the demand for energy without blacking out the 
system. In addition, the size of the financial investment is still large, and the 
operations of expenses are still very high. Although the investment in geothermal 
energy projects is not considered competitive as compared with other energy 
sources, the different technologies that accompany geothermal energy resources 
will change that if more attention and effort are given to this area of alternative 
energy. The availability of geothermal energy, and the knowledge of how to use 
the resources effectively lead to less dependence on resources from outside state. 
 Technical Option Improvement for Geothermal Energy Projects: It is 
important to understand the technical systems for improving the benefits from 
geothermal energy. The increasing the demand of energy has a negative impact in 
some areas because not all resources of energy will be enough to cover the 
demand in the electrical system. Up until recently, some of the challenges facing 
this alternative energy source were understanding the concept of geothermal 
power and its effectiveness without negatively impacting other factors like the 
environment and the economy. There is the possibility to develop the process in 
the future by quickly responding to any changes in the market and in the 
requirements of customers. The ability to have the flexibility to work in any 
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situation with different factors is a key factor for improving geothermal energy 
projects. 
 Minimize the Negative Impact on Public: The initiation of geothermal resources 
projects accompanied by creating a transition line between traditional energy 
sources and geothermal sources is required for producing energy that supports the 
electrical system, they also have an impact on public life style and the health 
system for a community through minimizing demand on the use of traditional 
power plants and that reduces the level of pollution. Although the impact of 
geothermal power plants on the environment is initially less than power plants for 
other energy sources, it is important to take into consideration any negative 
impact on the environment and general public, and work to reduce this impact. 
The objective of reducing the negative impact on the general public and public 
spaces is to ensure that these geothermal projects don‘t interact with other projects 
in the same area because this can lead to conflict. Knowing how to deal with 
different kinds of projects in the same area is important and has less negative 
impact on the public. 
4.3.1.3 Assessment Variable of Utility Goals Level 
The role and responsibilities for each goal level are clarified in the following 
sections. Geothermal energy resources will be evaluated according to the potential for 
each goal. 
4.3.1.3.1 Encourage Community to Support Geothermal Energy Project: The 
utility objectives can be divided into the following utility goals. 
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 Create New Job Opportunity: Geothermal energy has social implications 
because it has a large effect on economic development and employment 
opportunities. When a geothermal power plant is installed, it requires a diversity 
of skills to complete the construction. This process leads to create indirect jobs, 
more economic activity, and increased tax revenue. Having a geothermal power 
plant will create a diversity of job opportunities ranging from exploration and 
drilling jobs to high-tech manufacturing jobs such as the manufacturing of 
generators, turbines, and power conditioning components to maintenance jobs in 
the power plant itself. These additional jobs and income will support industry 
employment through local and regional economy. The production of geothermal 
energy in the U.S is $1.5 billion/yr. Garman showed that in 1996 there was close 
to 12,300 direct jobs and 22,700 indirect jobs in the U.S. The electricity sector 
requires the employment of 10,000 people for the installation and the operation of 
systems in power plants. [231]. This process for creating new job opportunities 
can work in Oregon and be successful if people know how to benefit from the 
source of geothermal energy. Many articles show the potential to have new jobs 
from geothermal energy [170][232]-[236]. 
 Social Acceptance: In 2006, the BLM managed about 350 geothermal leases, of 
which 55 were producing geothermal energy from 34 power plants [237]. In 2009, 
President Obama announced a new energy plan for the U.S. The goal from this 
plan was to increase renewable energy 10% by 2012 and 25 % by 2025. The 
continual commitment to expand and improve federal lands for the use of 
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geothermal resources has led to an increase in production, and in 2012 his goal 
was exceeded by 2% , therefore the probability  of reaching the 25% by 2025 will 
be high [238]. 
The benefit from geothermal energy is to supply a baseload power and to benefit local 
economies. Direct use application and power plants lead construction, operations, and 
maintenance jobs. The power plants also produce tax revenue for federal, tribal, state, and 
local governments [239]. 
4.3.1.3.2 Minimize Environmental Impact: the utility objectives can be divided into 
the following utility goals. 
 GHG Emission: Geothermal direct use has less effect on the environment as 
compared with geothermal power plants. This type is beneficial for states, local 
communities, agribusinesses, and other industries that require these resources. 
Also, this type supports the environment since it contains lower levels of gases 
than the higher temperature fluids. Most applications of geothermal direct use 
today work through closed- loop, emission free system. The carbon dioxide that 
accompanies geothermal fluids has an advantage to greenhouse application 
because carbon dioxide is important for growth the plants. According to Garman, 
‗‘Geothermally heated livestock facilities make waste management and collection 
easier for farmers and ranchers. The geothermal water can be used directly for 
cleaning and sanitizing these facilities, as well as drying the waste‘‘ [231]. This 
concept can work in Oregon. Many articles show the importance of reducing 
GHG emissions when using geothermal energy resources [232] [240]-[244]. 
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 Land Requirement: Geothermal fields require one to eight acres per megawatt 
(MW) while nuclear operations need five to ten acres, and coal operations need 
nineteen acres. Coal power plants need a huge area of land that is used for 
agricultural purposes for making their fuel. This process for making fuel leads to 
the movement of earth, which contributes the creation of tunnels, waste heaps, 
and open pits. The process for re-treating the land is complicated and expensive 
[231]. 
Geothermal power plants need wells, which require to drilling into the ground. The 
process of drilling will effect the land, but with the advance in the equipment of drilling 
there is less impact on the land. This drilling technology allows several wells to be drilled 
from one location, and this reduces the impact on the land, access roads, and geothermal 
fluid piping. A good example of drilling technology is slimhole drilling, which has 4‘‘ to 
6‘‘ diameter well while the traditional has a diameter of 8‘‘ to 12‘‘. Slimhole drilling also 
minimizes the land used for site preparation and road construction [231]. Many articles 
show the importance of using geothermal energy resources for keeping land from 
negative impact of projects [245]-[248]. 
 Seismic Activity:  There are benefits from using one location drilling technology 
where they can also drill several wells from this one location, which land use. 
Even so, land subsidence is the effect that occurs during the drilling process 
whereby there is the extraction of a large amount of fluid: water, oil, and 
geothermal fluid) from underground the land. The common solution for 
geothermal power plants is to inject spent geothermal fluids back into a reservoir 
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to avoid subsidence. When they inject the spent resources, the earth will be stable 
from any subsidence [231]. Many articles show the importance of injecting fluid 
in geothermal site to avoid occurring seismic [249]-[253]. 
The probability of seismicity occurrence or earthquake activity will be very high 
when a large amount of geothermal fluids are withdrawn and injected below the earth 
surface. The areas with a high frequency of naturally occurring seismic events will be the 
most affected by the operation of geothermal power plants. If seismic activity occurs, it 
will be less than magnitude 2.5 on the Richter scale (earthquakes usually cannot be felt 
under 3.5). In Geysers, California, areas with geothermal fluids have experienced seismic 
activity [231].  Research studies found that the probability of seismic activity will be high 
where the location for power plant requires deep drilling (long distance under the surface 
of the ground), which is what clearly happen in Geysers, California. In Oregon, research 
studies found that all power plants are binary plants, which do not require the same deep 
drilling as the location requires in California. 
 Using the Land for Other Purposes: Geothermal power plants are found in 
beautiful natural environments, and the power plants don‘t affect the landscape 
because of many factors: geothermal power plants have a small footprint since 
they don‘t require a large amount of land as compared with other sources of 
energy like coal and nuclear power plants [231]. 
The impact of minimal land use leads geothermal power plants to mix harmoniously 
with a diversity of other land uses. That means that when the activity of a power plant is 
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completed, the land can be re-treated and used for livestock grazing or other agriculture 
purposes. In California, the Imperial Valley hosts fifteen geothermal power plants that 
make 400 MW of electricity, and at the same time it keeps one of most productive 
agriculture areas in the world. According to Garman, ‘‘ one geothermal power plant from 
the fifteen plants at Salton Sea is neighbor to a national wildlife refuge that shelters 
hundreds of animal species‘‘ [231]. A visitor in this area will not notice anything strange 
in the landscape even though a geothermal power plant is hosted in this location. This 
makes a suitable siting for injection and production wells, which reduces the negative 
impact for both scenic and recreational attractions [231]. This type of operation can work 
in Oregon since it was successful in another area like California. The figure below 
clarifies the probability and severity of potential environment impacts for geothermal 
energy resources. 
Figure 18: The Impact of Geothermal Energy on Different Factors in the Environment 
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4.3.1.3.3 Reduce Expense of Investment Energy Projects: The utility objectives can 
be divided into the following utility goals. 
 Minimize Capital Cost: One of the challenges to take into consideration is the 
ability to have a good investment that has potential to cover the requirements of 
the electric grid without harm and high initial capital cost. Projects of geothermal 
energy resources have the potential to reduce the cost of financial investments if 
the investment is taken over a long period, and where the results from these 
projects will be clear. Geothermal energy resources are very important in 
supporting the national economy because this leads to a reduced dependence on 
imported resources like oil. Almost half of the U.S. annual trade deficit will be 
erased when the U.S. begins to depend on domestic resources and reduces the 
dependence on imported oil. Research studies show that there is a potential to 
benefit from the international market for geothermal energy to enhance domestic 
economic health, and that in the next twenty years foreign countries will begin to 
invest $25 to $40 billion for the construction geothermal power plants. Many 
states in the U.S. now are looking for the best way to benefit from geothermal 
energy. The geothermal power plants in Nevada generate approximately 240 MW 
of electricity, which saves energy from imported sources by 800,000 tons of coal 
or three million barrels each year. The plants paid $800,000 in 1993 for county 
taxes and $1.7 million in property taxes. The U.S Bureau of Land Management 
also benefited from the lease of the land, which contributed the increased tax 
revenue, which contributed to $20 million each year in rent and royalties from 
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geothermal power plants [231]. This process can be successful in Oregon after 
making some adjustments to fit with the energy policies in Oregon.  Many articles 
show the opportunity of geothermal energy resources to reduce dependence on 
traditional energy [254]-[259].  
 Minimize Operation Cost: Research studies showed the economic impact of 
geothermal development projects in Siskiyou, Modoc, and Shasta counties in 
California and Klamath County in Oregon. These projects contribute to an 
increase of $114 million on the 30-year life span of the projects, which is 
reflected by an increase in local income and job opportunities through creating 
new construction and in the operation of the power plants [231]. 
The Geothermal Energy Association found that California has the potential to 
develop geothermal energy since it has a lot of support. In the short-term, geothermal 
energy can make from 300 to 600 MW, and can reach up to 1000 MW when they 
enhance three locations: the Salton Sea, Northern California, and the Geysers area north 
of San Francisco, and the total from these locations will be 3600 MW if they know how 
to fully use and benefit from the technology available today. The Geothermal Resources 
Council lists the importance of geothermal sitings for development, and the companies 
that can do this operation [231].This process can be successful in Oregon if researchers 
put their efforts into reaching best way to do this process.  Many articles show the 
potential of geothermal energy increasing in the future [260]-[264].The table below 
clarifies Induced Geothermal Employment Renewable Portfolio Standard (RPS) in 
California. 
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Figure 19: Impact the Operation of Geothermal Project on the Employment 
 
 Economy Boost: Geothermal projects have the potential to enhance the 
economies through increased tax revenues, the creation of new businesses and 
local jobs, and enhanced community involvement. Many articles show the 
importance of geothermal energy to enhance economic[265]-[266]. 
4.3.1.3.4 Technical Option Improvement for Geothermal Energy Projects: The 
utility objectives can be divided into the following utility goals. 
 Minimizing the demand of Critical Resources: The increase in human 
population has led to an increased demand on critical resources like oil, water, 
coal, etc. Over time, it has been observed that there are many challenges with 
these increases since the cost of these resources has risen, which has affected 
different sectors like social, environment, and economic. Continuing to use these 
resources without looking to find alternative solutions is a large problem, and it 
will have a negative impact on all aspects of society and the environment. [267]- 
[274]. The availability of geothermal energy resources is important to cover and 
76 
 
reduce the dependence on critical resources, such as oil, natural gas, coal, etc. It is 
important to know how to find the best methods for the maximum benefit of 
geothermal energy resources. 
 Increasing the Capacity of the Energy System: The availability of geothermal 
energy resources will minimize the load on the electrical system and simplify the 
challenges associated with increased energy load, especially during peak periods 
of demand of electricity like severe winter and summer periods. There are many 
applications of geothermal energy resources, which can support the electrical 
system since geothermal energy covers large areas like bathing and swimming, 
agriculture, the industrial process, snow melting and cooling [275], electrical 
systems [276]-[278], and large buildings [279]-[281]. The diversity of different 
applications and the increased capacity of geothermal energy resources is 
significant in supporting the electrical system and in avoiding blackouts during 
peak demand period. 
 Equipment Manufacturing Development: Even though the variety of variable 
geothermal energy equipment in the market, but it still need more development to 
increase the geothermal electrical, and for that it will need to develop the 
technologies that use in manufacturing of the equipment. It is important for 
increasing the capacity of electrical systems to make new development of 
equipment manufacturing. The increase in population living in different areas will 
create more demand for energy, so the construction of new projects like 
geothermal energy resources will require the development of equipment 
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manufacturing. Many articles show the importance of equipment manufacturing 
development on the energy system [282]-[286].  
4.3.1.3.5 Minimize the Negative Impact on the General Public: The utility 
objectives can be divided into the following utility goals. 
 Minimizing Noise and Odor: It is important for the success of geothermal energy 
projects that geothermal energy resources work without negatively impacting the 
general public by avoiding and reducing noise and odor as quickly as possible. If the 
geothermal energy industry has the ability to deal with and avoid both noise and odor, 
there will be more support for these projects. Many articles show the importance to 
construct projects without annoying the public [287]-[291]. 
 Minimizing Property Damage for Reducing the Impact on Life Style:   The 
construction of new projects creates new transmission lines for connecting with 
the energy system. These connections will change the pathways, which will 
require redrawing new paths for residents and commercial activities. The 
construction of new projects will disturb movements of the general public and 
local businesses, so it is necessary in the construction of geothermal energy 
projects to build the plant in the right place. With the installation of new projects 
it is important to avoid any conflicts or obstacles to the movement of residential 
and commercial activities. Many articles show the importance of building new 
projects without disturbing the activities of the general public and local businesses 
[292]-[296]. 
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4.3.1.4 Geothermal Energy Resources Alternatives 
To gain the best support from the electrical system in Oregon, it is important to 
simplify geothermal energy resources and to benefit from the application of technology. 
Research studies show that geothermal energy resources can be simplified by the 
application of technology in three different ways: Geothermal electricity, direct use of 
geothermal heat, and geothermal heating pumps. Each application is clarified in the 
following sections: 
4.3.1.4.1 Geothermal Electricity 
This type of technology produces electricity through depending on the heat that 
comes from the water inside of the Earth. This method brings the sources of geothermal 
energy to the surface by drilling in wells of different depths, and then converting the 
extracted heat from the Earth into electricity. There are three different types of power 
plants that produce electricity: flash, dry steam, and binary power plants. These plants 
process geothermal resources by taking the hot water and steam from the Earth, and 
converting it to electricity before returning the water back to the Earth[17][297]-[299]. 
4.3.1.4.1.1 Flash Power Plant  
This type of plant depends on geothermal fluid that has temperature of more than 
360ᵒF (182ᵒC) to produce electricity. The plant uses steam vapor to run the turbine, and if 
the fluid temperature decreases, the process will be repeated to obtain more energy [300]-
[301].This type of power plant is used in areas such as China and the Philippines 
[19][302]-[305]. 
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4.3.1.4.1.2 Dry Steam Power Plant 
This type of plant depends on the steam that is available below the Earth, which 
goes directly into the turbine to produce electricity. This type of power plant is very old 
and has been used in Italy since 1904 [300]. Today, steam power technology is available 
in many areas. The largest location, with twenty plants, that uses this type of technology 
to produce electricity is at Geysers in Northern California [306]-[307]. 
4.3.1.4.1.3 Binary Power Plant 
This type of plant depends on a geothermal area that has a moderate water 
temperature of less than 400ᵒF, from which it produces electricity. The process of 
operation works through the transference of heat from hot geothermal fluid to a 
secondary fluid with a much lower boiling point temperature by using a heat exchanger. 
This creates flash water that becomes a vapor, which runs the turbine. This type of plant 
is better for the environment because the process takes place in a closed loop system. In 
the future, most of the geothermal power plants construct will be binary plants [299]. 
This type of plant is used in many areas like Nevada, Idaho, and New Zealand [308]-
[313]. There is the potential to increase the use of the binary power plant in Oregon, but 
so far the Oregon Institute of Technology in Klamath Falls is the only place that has the 
ability to run this type of power plant [314]-[315]. Many projects were constructed, and 
in Malheur County the possibility of a successful binary power plant was high because 
the area has a temperature between 311° F to 320° F, which encouraged the development 
of geothermal energy. By 2014, this temperature increased to 368° F because of the use 
of geothermal technologies [316]. 
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4.3.1.4.2 Direct Use of Geothermal Heat 
This type of technology uses the heat directly from the Earth without taking 
support from power plants and heating pumps. Geothermal resources use water that has a 
variation of temperature from low to moderate (68°F to 302°F) [317].It is used in many 
applications like space heating and cooling, food preparation, spas and hot spring 
bathing, greenhouses, industrial business, and agriculture. There are many sectors that 
use direct heating from geothermal resources in many locations in the U. S. There is a 
capacity of about 470 MW in direct use technology [297]. In addition, it is considered 
cheap energy as compared with traditional energy because it reduces the cost by 80% as 
comparing with fossil fuel. This energy is very clean and doesn‘t affect the environment. 
This type of energy is very successful in the ten Western states of the U.S. that use this 
type of energy, as was found from a survey of more than 9,000 thermal wells and springs. 
From the 9,000, 900 of these wells and springs have a low to moderate temperature, 
which is suitable for direct use of geothermal heating. The Office of Energy Efficiency & 
Renewable Energy (EERE) supports the operation of geothermal energy processes at the 
Geo-Heat Center at the Oregon Institute of Technology in Klamath Falls, Oregon, and 
provides information to students and faculty [318].This type of technology can be applied 
in many areas like Romans in the past, such as in Belgium, and in Pompeii and Tuscany 
in Italy [297][319]-[320]. 
4.3.1.4.3 Geothermal Heat Pump (GHPs) 
This type of technology works when the temperature is constant between 10ft. 
and 300ft under the Earth. Also, there are no limitations to using this technology because 
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it can use in everywhere in the world because it doesn‘t need drilling and rock excavation 
equipment for extracting the resources from the Earth. It uses covered pipes under the 
Earth that circulate water or other liquids, and it can be designed using different shapes 
like horizontal or vertical. This system is considered environmentally successful as it is 
suitable for both heating and cooling system. For cooling in the summer, it takes the heat 
from the building by using a pipe loop to exchange the heat with the Earth, and in the 
winter the process is reversed. This type of energy minimizes power use by 30-60% as 
compared with traditional equipment that consume a large amount of electricity in 
heating and cooling buildings [296][316] . In the U.S. there are nearly 50,000 geothermal 
heat pumps constructed each year, and there are two kinds of geothermal heat pump 
systems— the closed and the open loop systems [321]-[322]. The closed loop system 
includes the ―horizontal‖ (This type of construction is very efficient for residential usage, 
and it works with a depth of four feet), the ―vertical‖ (This type of construction works 
with large commercial buildings and schools, and it works at a depth between 100 to 400 
feet), and the ―pond/lake‖ (This type of construction works in a location that has enough 
body of water. The cost will be low, and it needs a depth of 8 feet to protect from 
freezing) [323]. The open loop system depends on wells, and works like a heat exchange 
by circulating the water from the ground, to the heating/cooling system, and then back 
into the ground. This system works with clean water [323]. In Oregon, all applications 
using the geothermal heat pump work with closed loop system. The open loop system 
does not qualify to use [324].  
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These types can be used in different applications for residential and commercial 
buildings. The best type to use depends on many factors like weather, the situation of the 
soil, the available land, and the cost of installation at the location [323]. 
4.3.2 Stage 2: Judgment Quantification 
This level depends on the quantification of expert judgments for data collection 
purposes. The performance of expert judgment must have the ability to make a hierarchy 
of decisions on different levels. The procedure for judgment quantification is divided into 
four steps 
 Mission (what business do we want to be in) 
 Objective (what achievements should we have in order to satisfy our mission) 
 Goals (what are the targets to reach in order to fulfill our objectives) 
 Alternative (what projects should we have in order to development) 
The graph below clarifies the relationship between each step. 
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Figure 20: Relationship between Each Step 
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The research model employs the pairwise comparison method. The ratio scale for 
the pairwise comparison requires decision makers to allocate 100 points between each 
pair. As the number of variables increases in each step, different judgment quantification 
are required for that process. The pairwise comparison method is a solution that 
simplifies the complicated process of decision-making into small sets, which contributes 
easier decision making. The table below clarifies the process of judgment quantification 
methods in the research model. 
Table 7: Judgment Quantification Methods in the Research Model. 
 
4.3.3 Stage 3: Data Collection 
All of the procedures of judgment quantification are going to be calculated 
through expert panels. Thus the research model requires experts from different 
organization. 
Hierarchy Level 
 
Area Specialist 
Judgment 
Quantification 
Method 
Ratio Scale 
Second level 
Importance of 
utility objective 
with relation to 
mission 
Pairwise comparison 
Constant sum 
method Third level 
Importance of 
utility goals with 
relation to objective 
Pairwise comparison 
Fourth level 
Importance of 
alternative with 
relation to goal 
Pairwise comparison 
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Expert Panel will concentrate on determining utility goals under utility objectives. 
1- Objectives Level Expert panel must have a general understanding of the wide 
range of utility operations and objectives. 
2-  Goals Level--- Encourage Community to support geothermal energy project for 
the improvement of public affairs. The expert panel must have experience in 
public affairs. 
3-  Goals level--- Minimizing environmental impact. Expert panel must have 
experience and knowledge of environmental and wildlife protection. 
4-  Goals Level--- Reducing the expense of investment energy projects. Expert panel 
must have experience in planning and assessment management, and power policy 
and rates. 
5- Goals Level--- Improving the technical system for geothermal energy projects. 
Expert panel must have experience in power, transition, and distribution services. 
6-  Goals Level--- Minimizing the negative impact on the general public. Expert 
panel must have experience in agency compliance and governance. 
7- Alternatives Level. Expert panel must have experience in the fields of 
engineering, project management, and technologies. 
The general criteria for the expert panel selection includes the following: 
 Relevant expertise within the research area. 
 Availability and willingness to participate. 
 Balanced perspectives and biases. 
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4.3.4 Stage 4: Data Analysis 
The results of judgment quantification from the expert panels will be counted to 
determine each energy alternative resource as related to the mission. The results of the 
data analysis will come from formula below: 
Mission: The selection the geothermal energy resources that is successful to cover the 
utility objectives and goals. 
Objectives: Utility objective k with relation to the mission:  , i.e k=1,….,k. 
Goals: Utility goal I with relation to the objective:   , i.e I=1,…..,L. 
Alternative: Geothermal energy resource alternatives:   ,i.e m=1,….,M. 
     : The formula of relationship between the utility objective and the mission. 
      : The formula of relationship between utility goal I and objective k. 
         The formula of relationship between geothermal energy resource alternatives m 
to goal I with respect to objective k. 
         The formula of geothermal energy resource alternatives m to the mission.  
The research model will work with the inconsistency analysis method that 
depends on the results from the expert panels. The table below shows how inconsistency 
analysis works with the research model. 
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Table 8: Inconsistency Analysis Method for Research Model 
 
4.4 Establishment of the Expert Panels 
Decision analysis is one of the more important aspects for simplifying the 
problem, and that is the reason for using this method. Model development is a 
requirement for optimizing one or more objectives  that are impacted by physical, 
structural, and policy constraints in a static or deterministic setting [325]. One of the 
challenges in using the model is to find the right experts, and how to reach the best 
results from probability and evaluation towards the mission. The procedure for 
selecting the experts requires restrict rules to ensure that those experts have an 
interest in and relationship to this specific study. This will help to provide better 
opinions, feedback, and judgments in the different research areas, [325] such as 
developing national technology policy [326], multiple prospective and decision 
modeling [327], medicine[328], decision making for elderly persons [329], medical 
Panel Research area Expert inconsistency 
Experts Panel Members 
Utility Objective 
Inconsistency Analysis 
Encourage Community to 
Support Geothermal 
Energy Projects  
Minimize Environmental 
Impact 
Reduce Expense of 
Investment Energy Projects 
Technical Options 
Improvement for 
Geothermal Energy 
Projects 
Minimize the Negative 
Impact on General Public 
Alternatives Level 
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and health care [330], psychological characteristics and strategies [331], and 
technology evaluation and acquisition strategies [332]. 
 It is very important before building expert panels to talk with experts and to 
understand their knowledge and opinions about the problems set before them in the 
study. This process, like literature reviews, helps to find which experts will 
participate in the panel.  The number of experts who will participate in the panels 
depends on the objective and the analysis that will follow.  
An expert is a person who depends on his/her knowledge, experience, and opinion to 
give his/her feedback to make the best choice in the decision- making process [333]-
[334]. It is important to use expert judgment in the analysis of the decision model in case 
of design issues that may affect the results of the research. To create an expert panel, it is 
necessary to establish two criteria: expert panels must have balance in the diversity of 
knowledge or experience, and they must be unbiased because that will have negative 
impact on the analysis of the research study. In addition the researchers must know who 
is suitable as an expert, and how many experts are required by looking at the size of the 
research and the analysis required. The researchers are required to make guidelines as to 
how to select the experts and how to decide the qualifications of the experts who will be 
considered for the panels. As a result of these guidelines, experts are chosen according to 
the following: 
 Relevant expertise within the research area: Experts must have knowledge and 
experience in this field. The panel must have diversity of knowledge, and not be 
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limited by one expert because experts must be able to make decisions that require 
diversity of knowledge, experience, and information. 
 Availability and willingness to participate: The people who choose to be 
experts for the panels must have the ability to give their opinions and feedback 
without external pressure to make decisions. They can end their participation as 
panelists whenever they like, so they have the freedom to explain and express 
their ideas in the way they like. 
 Balanced perspectives and biases: In the selection of the expert panels, it is 
important to choose experts from different organizations who do not know each 
other. Although there is an advantage to people who work together and 
understand each other well, this selection will lead to biases toward one decision, 
which will not be good for the hierarchy decision-making process. This process of 
decision-making will have a positive impact on the result because no one panelist 
will affect another in providing feedback on the hierarchy of decisions. In 
addition, the process must work to prevent occurring conflicts, which will have a 
negative impact on the result. 
Experts will help to do more than one job during their participation as panelists in 
the research model, which can be summarize in the following points: 
 Examining the research model to see if it needs to re-edited or if more criteria 
needs to be added.  
 Giving feedback for judgment quantification to all levels of the model. 
 Checking the final research of the model. 
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To create the expert panels for the research model, the following steps are required: 
 Identify expert requirements:  According to the research and literature review, the 
panels require experts who have knowledge in the development of geothermal 
energy resources; in the development of technology for obtaining the best service; 
in renewable energy projects; in power generation; in the environmental, social, 
and economic sectors; and academics in relation to this field. 
 Making a list of names of all expert panelists, and the research study 
specialization of each one on the panel. A collection of a list of all of the names 
that will come from literature review that includes government reports, reports 
from the state about this field of geothermal energy resources, and renewable 
energy projects. 
 Invitation process: On the invitation, ask experts if they agree to participate in the 
model, and send an email to all experts. 
4.5 Pairwise Comparisons 
The pairwise comparisons are used for identifying the number of comparisons 
required for the decision element. The formula used for number of comparison is (N) and 
N is calculate by (n=
       
 
 ). For instance, if the model has six elements, the number of 
pairwise comparisons will be 6       therefore the result will be fifteen comparisons in 
the decision.  If more elements participate, more numbers of pairwise comparisons will 
be obtained and the complexity of the decision analysis will increase. 
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4.6 Inconsistency  
In the research model, the expert panels will use the constant sum method for 
obtaining accurate values. This process requires the experts to choose one from two pairs 
in the decision, and the total of both pairs is 100 points. It is important to examine any 
mistakes that may occur by the experts during the selection between the pairs of the 
decision. Therefore it is important to measure the inconsistency of the variance from the 
relative value of the decision variable [335]. 
A mistake in judgment occurs because humans cannot always make right decisions. 
Some inconsistencies in judgment aren‘t too big so they can be measured and ignored 
while other inconsistencies can create problems, and cannot be solved and answered. The 
range of inconsistency cannot exceed 0.1 (≤0.1)., If an expert has an inconsistency 
greater than 0.1, the calculation must be repeated to find where the mistake is., and the 
process of deciding between the pairs must be repeated once again. The process of 
repeating the calculation continues until the result reaches under or equal to 0.1. 
The process for calculating inconsistencies is clarified in the steps that follow. The 
decision variable for n will become n! , and it is simplified with vectors r1, r2, r3,…., rn. 
For example 5! will become 120 orientations like ABCD ABDC ACBD ACDB,……., 
DBCA.  The same value in the result will occur if all experts have the same idea. Each 
panelist has different opinions, so the result will not be the same. This inconsistency is 
used in the HDM methodology for obtaining the variance by calculation [336]. The 
formula of inconsistency is clarified below: 
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Let ; 
      is the relative value of the  
   element in the     orientation for an expert  
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CHAPTER 5: RESULT AND DATA ANALYSIS 
This part will explain the judgment quantification results, experts‘ 
inconsistencies, and the areas of disagreement between the experts on the panel. A pair-
wise comparison method software was used for analyzing the results of the quantified 
expert judgment. As explained in the previous chapters, the value of disagreement among 
the group will be less than or equal to 0.1. 
5.1 Expert Panel 
The seven expert panel members have expertise in the geothermal technologies 
associated with geothermal energy projects. Based on the list of alternatives on the survey 
questionnaire, they noted which alternative is more convenient in the decision- making 
process with respect to the mission of our project, objective, and goals. The panel was 
comprised of experts from the following organizations: Two were from government 
agencies, one from university, and four from non-government organizations. The table 
below explains the experts and which institutions they are working at. 
Table 9: Expert Panel and Institutions 
Expert Affiliation Institution 
Expert 1 
Oregon Department of 
Energy-Geothermal Energy 
Council 
Government 
Expert 2 Energy Trust Of Oregon 
Non-Government 
Organization 
Expert 3 
Oregon Environmental 
Council 
Non-Government 
Organization 
94 
 
 
5.1.1 Expert Panel Results 
  The seven experts panel members were asked to use the online survey 
questionnaire link that included instructions about how to use the Hierarchical Decision 
Model (HDM) to evaluate different criteria that effect geothermal energy with respect to 
our goal that was mentioned in the mission (Technology Assessment Model of 
Developing Geothermal Energy Resources for Supporting the Electrical System in 
Oregon).  The figure below shows the contribution results from the expert panel. 
Figure 21: The Global Weight of Alternative Geothermal Energy Technology 
 
0.43 
0.31 
0.26 
0
0.1
0.2
0.3
0.4
0.5
Geothermal Electricity Direct Use of Geothermal Heat Geothermal Heat Pump
Expert 4 
Oregon public Utility 
Commission 
Government 
Expert 5 Renewable Northwest 
Non-Government 
Organization 
Expert 6 Oregon State University Academia 
Expert 7 Altarock energy,Inc 
Non-Government 
Organization 
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The results in Figure (21) show that ―Geothermal Electricity‖, with a rating of 
43%, was ranked as the most important alternative with respect to mission, objectives, 
and goals. ―Direct Use of Geothermal Heat‖ was ranked as the second most important 
alternative with 31%, and the ―Geothermal Heat Pump‖ was ranked as the least 
importance alternative with 26% for developing geothermal energy sources in Oregon. 
5.1.2 Analysis of Expert Panel Results 
The individual expert opinions about the relative importance in weight of each 
alternative contributed to finding the most importance alternative with respect to mission 
statement. The mean of seven experts showed in table [10]. All experts have knowledge 
and experience in geothermal energy, and they gave their judgment in the questionnaire 
survey. The results of the comparison is among the acceptance level of consistency in 
their judgment, and consistency level must be less than or equal 0.1. The results showed 
that the mean level of disagreement was 0.095 between the experts that participated in 
questionnaire of survey. At the same time, the individual expert‘s judgments was among 
the acceptable range, which is 0 to 0.03. The table below shows the individual expert 
judgment for each alternative. All individual inconsistencies are among acceptable level 
of range. 
Table 10: Individual Expert Judgment for Each Alternative 
Expert GHP Direct Heat 
Geothermal 
Electricity 
Inconsistency 
Expert 1 0.26 0.28 0.46 0 
Expert 2 0.26 0.46 0.28 0.01 
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Figure 22: Individual Expert Judgment for Each Alternative 
 
From the results in the table above, the majority of the experts chose geothermal 
electricity as the most important electricity alternative. The reason for this is that 
electricity is used in a variety of different applications like heating, cooling, industry, 
medical, and so forth, and the population of people and their demand for electricity is 
always increasing. 
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Expert 5 0.14 0.07 0.79 0.02 
Expert 6 0.33 0.33 0.33 0.01 
Expert 7 0.19 0.36 0.46 0.03 
Mean 0.26 0.31 0.43  
Disagreement 0.095 
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The outcome analysis of the results in Appendix C showed that in terms of 
objectives that minimizing environmental impact was rated at the highest value at 0.26 
with respect to the mission. Within the category of minimizing environmental impact, 
seismic activity and GHG emissions had higher values as well because they require more 
attention and work to reduce the negative impact from the process of geothermal energy 
activities. 
A numerical analysis was also made to know what are the most important 
objectives through looking at different experts segment (background of the organization, 
position, and education) and identify if this result of analysis will affect decision making 
or not.  
The table [11] shows minimizing environmental impact and reducing expense of 
investment energy cost are the most important objectives for all experts either as their 
first choice or their second most important choice. 
Table 11: Importance of Objectives from Different Characteristics of the Experts 
Characteristics of Experts 
Importance of Objectives 
Preference choice #1 Preference choice #2 
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Utility 
Minimize Environmental 
Impact 
Reduce Expense of 
Investment Energy Cost 
Consulting 
Minimize Environmental 
Impact 
Technical Options 
Improvement for 
Geothermal Energy Projects 
Research Lab 
Reduce Expense of 
Investment Energy Cost 
Technical Options 
Improvement for 
Geothermal Energy Projects 
98 
 
 
Table [12] analyzes the input from the experts., As mentioned before, all of the 
experts were from different organizations, and the results of the input showed that while 
not all of them selected the same objectives as the most important, the majority of the 
experts rated a reduction in the expense of investment energy projects as the most 
important factor, and ranked this first or second. The table below clarified this process of 
selection. 
 
University 
Reduce Expense of 
Investment Energy Cost 
Minimize the Negative 
Impact on the General 
Public 
E
x
p
er
ts
 P
o
si
ti
o
n
s 
Management 
Minimize Environmental 
Impact 
Reduce Expense of 
Investment Energy Cost 
Planning 
Reduce Expense of 
Investment Energy Cost 
Minimize the Negative 
Impact on the General 
Public 
Policy 
Reduce Expense of 
Investment Energy Cost 
Technical Options 
Improvement for 
Geothermal Energy Projects 
Environment 
Minimize Environmental 
Impact 
Minimize the Negative 
Impact on the General 
Public 
E
d
u
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o
n
 
Bachelor Degree 
Minimize Environmental 
Impact 
Reduce Expense of 
Investment Energy Cost 
Master Degree 
Minimize Environmental 
Impact 
Technical Options 
Improvement for 
Geothermal Energy Projects 
Ph.D. Degree 
Reduce Expense of 
Investment Energy Cost 
Encourage Community to 
Support Geothermal Energy 
Project 
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Table 12: Identifying the Important Objectives Made by the Experts 
 
 
 
 
 
 
 
 
 
Figure 23: Preference of Objectives 
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As expected, minimizing environmental impact is the most important objective 
for Oregon since Oregon encourages all investment in renewable energy projects to serve 
and protect the environment. All of the experts chose the most important out of fourteen 
designated goals, and then ranked these selections from one to four, one being the highest 
and four, the lowest. Creating new job opportunities and minimizing noise and odor were 
ranked the highest among the goals. The table [13] identifies the important goals made by 
the experts. 
Table 13: Identifying the Important Goals Chosen by the Experts 
Importance of Goals 
 
Preference 
Choice # 1 
Preference 
Choice # 2 
Preference 
Choice # 3 
Preference 
Choice # 4 
Minimize Noise 
and Odor 
4 2 1 0 
Create New Job 
Opportunity 
2 3 0 0 
Social 
Acceptance 
1 1 1 2 
Minimizing 
Property 
Damage for 
Reducing Impact 
on Life Style 
0 1 1 0 
Equipment 
Manufacturing 
Development 
0 1 1 1 
Minimize 
Capital Cost 
0 0 3 2 
Minimize 
Operation Cost 
0 0 1 0 
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From the table [13], the majority of the experts chose minimizing noise and odor, 
creating new job opportunity, and social acceptance as the most important goals for this 
research study in Oregon. 
Figure 24: Preference of Goal 
 
To have more understanding of the most important goals for improvement of 
geothermal energy sources, different perspectives of experts‘ characteristics were 
analyzed. Table [14] explained the most important goals from different perspectives of 
experts. 
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Table 14: Importance of Goals from Different Characteristics of the Experts 
Characteristics of 
Experts 
Importance of Goals 
Preference choice 
#1 
Preferenc
e choice 
#2 
Preference 
choice #3 
Preference choice 
#4 
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n
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f 
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Utility 
Minimize Noise 
and Odor 
Social 
Acceptanc
e 
Minimize 
Capital Cost 
Seismic Activity 
Consulting 
Create New Job 
Opportunity/Mini
mize Noise and 
Odor 
GHG 
Emission 
Minimizing 
the Demand 
of Critical 
Resources 
Economic Boost 
Research 
Lab 
Minimize Noise 
and Odor 
Create 
New Job 
Opportuni
ty 
Minimize 
Capital Cost 
Increasing the 
Capacity of the 
Energy System 
University 
Create New Job 
Opportunity 
Increasing 
the 
Capacity 
of the 
Energy 
System 
Seismic 
Activity 
Social 
Acceptance/Econo
mic Boost/ 
Minimize Capital 
Cost/Minimize 
Operation Cost 
E
x
p
er
ts
 P
o
si
ti
o
n
s 
Managemen
t 
Minimize Noise 
and Odor 
Minimize 
Capital 
Cost 
Social 
Acceptance 
Create New Job 
Opportunity 
Planning 
Minimize Noise 
and Odor 
Create 
New Job 
Opportuni
ty 
Social 
Acceptance 
Equipment 
Manufacturing 
Development 
Policy 
Minimize Noise 
and Odor 
Create 
New Job 
Opportuni
ty 
Minimize 
Capital Cost 
Increasing the 
Capacity of the 
Energy System 
 
Environmen
t 
 
Minimize Noise 
and Odor 
Create 
New Job 
Opportuni
ty 
Minimizing 
the Demand 
of Critical 
Resources 
Economic Boost 
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Most of the experts chose geothermal electricity and the direct use of geothermal 
heat as the most important alternative for developing geothermal energy sources in 
Oregon. Table [15] explains the most important feature of each goal for every alternative 
of geothermal energy that was chosen by the experts. 
Table 15: The Most Important Features for Geothermal Energy Alternatives that Were 
Chosen by the Experts 
 
E
d
u
ca
ti
o
n
 
Bachelor 
Degree 
Social 
Acceptance 
Minimize 
Noise and 
Odor 
Minimize 
Capital Cost 
Seismic Activity 
Master 
Degree 
Minimize Noise 
and Odor 
Create 
New Job 
Opportuni
ty 
Equipment 
Manufacturi
ng 
Developmen
t 
Minimize Capital 
Cost 
Ph.D. 
Degree 
Create New Job 
Opportunity 
Minimize 
Noise and 
Odor 
Minimize 
Capital cost 
Increasing the 
Capacity of the 
Energy System 
Alternative 
 GHP Direct Heat 
Geothermal 
Electricity 
Create New job 
opportunity 
1 2 6 
Social Acceptance 3 4 4 
GHG Emission 3 4 6 
Land Requirement 4 3 5 
Seismic Activity 4 6 4 
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Table [15] shows that the most important features for geothermal energy projects 
were creating new job opportunities and social acceptance. More focus is needed around 
the research of geothermal energy sources in the geothermal field, and for making the 
geothermal energy alternatives successful in Oregon. 
Using the Land for 
Other Purposes 
3 2 6 
Minimize Capital 
Cost 
1 3 5 
Minimize Operation 
Cost 
2 3 6 
Economic Boost 2 2 5 
Minimizing the   
Demand of Critical 
Resources 
2 5 5 
Increasing the 
Capacity of the 
Energy System 
3 3 6 
Equipment 
Manufacturing 
Development 
2 2 5 
Minimize Noise and 
Odor 
3 4 6 
Minimizing Property 
Damage for 
Reducing Impact on 
Life Style 
3 4 7 
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Figure 25: Preference of Alternatives 
 
 
To know which alternative is the most successful with features (goals) for 
development of geothermal energy, different perspectives of experts‘ characteristics were 
analyzed. Table [16] explained this process. 
0
2
4
6
8
10
12
14
16
Preference of Alternative 
Geothermal Electricity
Direct Heat
GHP
0
2
4
6
8
10
12
14
16
Preference of Alternative 
Geothermal Electricity
Direct Heat
GHP
106 
 
Table 16: Different Characteristics of Experts for Geothermal Energy Alternatives 
Characteristics of 
Experts 
Alternative 
GHP Direct Heat 
Geothermal 
Electricity 
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Utility GHG Emission 
Minimize Capital 
Cost 
Equipment 
Manufacturing 
Development 
Consulting Seismic Activity 
Minimizing the  
Demand of Critical 
resources 
Minimize Noise 
and Odor 
Research Lab Seismic Activity Seismic Activity 
Increasing the 
Capacity of the 
Energy System 
University 
Seismic Activity/ 
GHG 
Emission/Create 
New Job 
Opportunity 
Minimize Capital 
Cost/Minimize 
Operation 
Cost/Economic 
Boost 
Minimizing the  
Demand of Critical 
Resources/ 
Equipment 
Manufacturing 
Development 
E
x
p
er
ts
 P
o
si
ti
o
n
s 
Management Social Acceptance 
Minimize Capital 
Cost 
Equipment 
Manufacturing 
Development 
Planning Land Requirement 
Create New Job 
Opportunity 
Using the Land for 
Other Purposes 
Policy Seismic Activity Seismic Activity 
Increasing the 
Capacity of the 
Energy System 
Environment 
Using the Land for 
other purposes 
Minimizing the  
Demand of Critical 
Resources 
Increasing the 
Capacity of the 
Energy System 
E
d
u
ca
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o
n
 
Bachelor 
Degree 
Using the Land for 
Other Purposes 
Minimize Operation 
Cost 
Minimizing the  
Demand of Critical 
Resources 
Master Degree Seismic Activity 
Minimizing the  
Demand of Critical 
Resources 
Equipment 
Manufacturing 
Development 
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From table [16], most experts which is different perspectives of characteristics 
preferred to choose features of environment as the highest rank. Features of technical 
were ranked also as one most important for achieving the best benefits of geothermal 
energy. 
In order to understand why there was a difference between what objectives, goals, 
and alternatives each expert on the panel deemed important and ranked the most highly, 
the discussion in the discussion section will help to understand their thoughts about the 
future of geothermal energy and their recommendations for improvement in this sector of 
renewable energy. All explanations for objectives, goals, and alternative will explain in 
the discussion part. 
5.2 Criterion-Related Validity 
Managers from different organizations in the Pacific Northwest, who are specialists in 
renewable energy, environment, and geothermal energy, participated in evaluating the 
criterion-related validity. Experts were asked to give their judgment in survey 
questionnaire about the research study. All of the experts agreed that the methodology 
was a good approach for reaching a decision. They also agreed that all of the nodes that 
were applied in the HDM methodology that are based off of real life require more 
attention. This process will lead to more development of geothermal energy sources in 
Oregon. Also, the experts confirmed that the development of geothermal energy 
Ph.D. Degree Seismic Activity Seismic Activity 
Increasing the 
Capacity of the 
Energy System 
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technology will grow quickly if there is more attention and focus on the criteria that were 
used in the methodology. We held a face to face meeting with the expert panel to hear 
their thoughts on what is required for more development in the future. Experts agreed that 
applying this model in the future for another state, and by adding more criteria, that this 
model will be useful for determining what will be required for greater improvement in the 
geothermal field. 
5.3 Summary of the Study 
A Hierarchical Decision Model (HDM) methodology was used in this research study 
to reach the value for the technology assessment model of developing geothermal energy 
sources for supporting the electrical system. This methodology (HDM) was applied to 
Oregon as a case study. The result of the data analysis in this research process is 
summarized in the following points: 
1- The objective from the research study was to develop an assessment model 
framework that can be used for supporting cost effective renewable energy in 
Oregon by the development of geothermal energy sources. This research of study 
was done by using the HDM model and consisted of four levels: Mission, 
objectives, goals, and alternative. 
2- Seven experts agreed to give their judgment and evaluate different nodes in 
objectives, goals, and alternatives. 
3-  The results of this research study were discussed with the experts to get their 
feedback, and learn from them what requirements are necessary for improvement 
in the geotechnical energy sector for future research. The experts agreed that this 
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methodology is a good approach to help reach the right decision since this 
methodology (HDM) divides the problem into small sets, which will make the 
decision process easier.   
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CHAPTER 6: DISCUSSION 
This part will explain all of the data collection and the final results from the experts‘ 
participation in this research study, and analyzes the results according to the feedback 
from the experts. The discussion with the experts helped in understanding what drove 
their choices. This discussion provides insight and a better understanding of the 
participation results in this research study of geothermal energy sources in Oregon. 
6.1 Result Analysis 
The result of discussion analyses for objectives, goals, and alternatives from experts 
is explained below: 
6.1.1 Evaluation of the Objectives 
The HDM showed that minimizing environmental impact is the most important 
objective with respect to the mission of developing geothermal energy sources in Oregon. 
Reducing the expense of investment in geothermal energy projects was ranked second 
after minimizing environmental impact, and this result showed that for geothermal energy 
projects to be successful, it is important to reduce the investment cost. The more the cost 
of investment of geothermal energy projects is reduced, the faster improvement in 
technology will occur. Technical options improvement for geothermal energy projects 
and minimizing the negative impact on the general public had the same value and were 
ranked the third. Lastly, encouraging the community to support geothermal energy 
projects had the lowest value, and all these results were discussed with experts. 
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Getting feedback from experts and analyzing the results from their participation 
showed the importance of having projects that focus on developing geothermal energy 
sources in Oregon, and benefit from improvement and progress in technology that serves 
this type of renewable energy. As mentioned above, minimizing the environmental 
impact and reducing the expense of investment in energy projects are the most important 
objectives, and the experts from different organizations explained why focusing on these 
objectives is important for the success of geothermal energy projects in Oregon. The 
results from the data collection from the survey showed that the experts preferred 
reducing the expense of investment in energy projects as the one of the most important 
objectives. Experts explained that the reason for this preference was that geothermal 
energy is still expensive and there is a lack of research in the field about how to create 
and benefit from improvements in this alternative energy form. This is the reason why 
geothermal energy projects are still expensive; there is not a huge amount of research 
available for developing the geothermal energy sources. Right now, geothermal energy 
research has problems with how to reach deep drilling at a cheaper cost. Meanwhile, 
researchers still have difficulties estimating how long the investment will last and how 
many additional funds will be required, so the experts found that the best thing to make 
geothermal energy projects successful is to focus on the economics of the projects 
because the price of other renewable energies like solar and wind are still cheaper. 
Experts also found that with new technology related to geothermal energy projects that 
the direction of the movement drill is going to be less expensive, so this is the reason why 
experts focused on the economical side of this research study for making geothermal 
energy projects successful.  
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Minimizing environmental impact was ranked as the most important objective for 
developing geothermal energy sources in Oregon, and this result was discussed with the 
expert panel in order to clarify their preference for this objective. Experts found that 
environmental issues are important because Oregon has a strong environmental ethic at 
some sites. These sites are located on protected public land, especially some sites near 
volcanoes and others are located in national parks. In addition, public policy wants to 
keep Oregon away from any impact from poor water quality, chemical, and air pollution 
that can happen during the construction of geothermal energy projects. At the same time, 
experts encouraged investment in geothermal energy projects since geothermal energy is 
good for the environment compared with other sources of energy like the coal and oil 
industries. Geothermal energy is the best source of energy for both environmental and 
product of environment. There is much progress happening in the environmental sector. 
Oregon has achieved many things like working to have clean air and water, getting a 
healthy climate, working to have sustainable food, and making a beautiful landscape 
through reducing pollution. For these reasons, experts chose minimizing environmental 
impact as the most important objective. 
Technical options improvement for geothermal energy projects was ranked as the 
third most important objective for developing geothermal energy sources in Oregon. 
Experts found that while there is still more effort needed for obtaining more 
improvements, the size of improvements is slow because the achievements in the field of 
geothermal energy are so expensive. To accelerate the size of improvement and to get 
more efficient system in the geothermal field, more support from government and public 
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policy is required. Also, there are many failures that need to be fixed, such as the problem 
of heat transfer because a piece of equipment does not match the thermal properties 
during the construction, and this process of construction impacts system efficiency. In 
addition, the field of geothermal energy is still not as sophisticated as other alternative 
energy sources so the field of geothermal energy needs more attention and research to be 
competitive with other renewable energies like solar, wind, etc... The price of solar and 
wind are cheap compared with geothermal energy, which still expensive. Researchers are 
now focusing on developing low temperature geothermal sites, which carry a marginal 
cost. As the price of geothermal energy goes down, the prospective risk will go down too. 
For this reason, experts chose technical options improvement for geothermal energy 
projects as one of the most important objectives. 
Minimizing the negative impact on the general public was ranked also the third 
the most important objectives for developing geothermal energy sources in Oregon. This 
result was discussed with experts for why they chose minimizing the negative impact on 
the general public as one of the important factors.  Experts found that the success of any 
renewable energy project depends on the acceptance from the community who live 
around the construction of renewable energies projects. This is because ongoing 
operations of renewable energy create a large amount of waste. If these inconveniences to 
the community nearby the geothermal energy projects are during construction phase only, 
it may be easier to ―sell‖ the idea of geothermal energy if the community knows the size 
of the benefit that will come from this project. If the issue is ongoing past the 
construction phase, the community nearby will terminate this project if they believe that 
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the impact on their health will be negative. It is important to benefit from the technology 
available today since the technology works to serve the community, and while there are 
many improvements in this sector, the developers still need to be aware of these issues. 
For this reason, it is important to focus on minimizing the negative impact on the general 
public, and they need to work on changing the community‘s perception of geothermal 
energy sites or reduce these projects near communities. 
Encouraging community to support geothermal energy projects was evaluated as 
the least importance objective for developing geothermal energy sources in Oregon. This 
result was discussed with the experts for why they chose encouraging community to 
support geothermal energy projects as the least importance factor. In fact, not all of the 
experts ranked encouraging community to support geothermal energy projects as the least 
valuable, some experts ranked it as second in importance, and some the third. The reason 
for disagreement about this value was that some experts considered geothermal energy as 
only one type of renewable energy, and that a community that is educated about the value 
of energy that can understand that renewable energy is beneficial to society, so this is the 
reason why the experts chose encouraging community support of geothermal energy as 
the lowest value. Some experts chose encouraging community to support geothermal 
energy projects as one of the important objectives. Those experts believe that is important 
to educate the community about geothermal projects, and people might express concern 
for environmental issues, therefore the process of educating the community about 
geothermal energy projects will hopefully over time create ongoing support and 
understanding about the process of geothermal energy and anything related to land use. 
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People have very strong opinions about geothermal energy projects, and there are some 
challenges associated with geothermal energy projects or normal development that 
potentially can create a negative impact on the community.  If people do not understand 
what the source of negative impact is or how it is caused, there may be a backlash that is 
disproportionate to the benefits of geothermal energy. People must understand that green 
projects are not always impact-free. For this reason, encouraging community to support 
geothermal energy projects is so important for successful investment in geothermal 
projects. 
6.1.2 Evaluation of the Goals 
The success of developing geothermal energy sources in Oregon requires 
knowing what are the most important objectives and goals. These objectives and goals 
will work with technology alternatives, and with this work will come greater 
improvements resulting in more successful geothermal energy projects. The HDM 
showed that minimizing noise and odor was ranked the most important goal with value 
0.73. Creating new job opportunity was ranked as the second most important goal with 
value 0.59, and minimizing capital cost was ranked the third with a value of 0.51. The 
results of these goals were discussed with experts to ask why they ranked these goals as 
the most important. 
Experts found that minimizing noise and odor are important because communities 
usually complain about noise, and although there are many types of geothermal plants, 
equipment still generates noise. Technology that accompanies geothermal energy projects 
is required for making equipment less noisy. There is a need for greater improvement in 
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running the station smoothly so that it won‘t disturb the community nearby. If geothermal 
energy projects do not minimize noise and odor, geothermal energy sources will not 
improve, nor be accepted by local communities, which will keep geothermal energy 
limited to only a few sites. This is the reason why some experts chose minimizing noise 
and odor as the most important goal. Experts found also creating new job opportunity as 
one of the most important factors for successful geothermal energy projects in Oregon 
since geothermal projects will improve the economy, and more opportunity of jobs will 
be available for people. Meanwhile, more public dollars will be available, and job 
opportunity is beneficial in terms of economic and environmental value. Bringing these 
two things together from a public policy standpoint is beneficial for society as a whole. 
Geothermal energy projects need different job skills during discovering, construction, and 
maintenance after the completion of geothermal energy projects, and these skills are 
already exist. Staff can already do this kind of work, and this level of worker skill set 
leads to better and cleaner energy power.  
Minimizing capital cost was found to be one of the most important goals chosen 
by the experts because the investment in geothermal energy projects is so expensive. 
Right now, most research on geothermal energy in Oregon focuses on low temperature 
geothermal projects since these projects are less expensive and require less funding than 
research focusing on high temperature geothermal projects. These high temperature 
projects require a lot of funding because the deep drilling needed for reaching high 
temperature projects will carry greater risk and may not find a good source of geothermal 
energy. For this reason, experts are more willing to find the best way to generate 
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geothermal energy through the development of technology at a lower cost. The 
development of improved equipment manufacturing is in the middle of the most 
important goals because the experts found that there national laboratories are putting in a 
lot of effort to produce better equipment. Lately, many small manufacturing companies 
are merging with big companies. Even though big companies in U.S specialize in 
geothermal equipment, and are motivated to improve the equipment to be used in 
geothermal energy, the technology for updating the equipment and the systems in U.S is 
not the same as for the international market. The international market has created better 
improvements in geothermal equipment than U.S. 
6.1.3 Evaluation of Alternative 
The success of geothermal energy projects depends on developing the technology 
that works within the geothermal field to obtain greater benefits from alternative 
geothermal energy. The HDM showed that geothermal electricity was ranked the most 
important alternative with value 0.43, direct use of geothermal heat was ranked the 
second importance alternative with value 0.31, and GHP was ranked the least importance 
alternative with value 0.26. These results were discussed with the experts to understand 
why they ranked the alternatives of geothermal energy the way that they did. 
Geothermal electricity was ranked as the most important alternative for 
developing geothermal energy sources in Oregon. Experts explained that geothermal 
electricity was the most important resource for supplying more electricity to Oregon. At 
the same time, communities are increasing in population, and more new buildings are 
constructed as compared with previous years. Therefore, the growth of communities 
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requires planning for a greater capacity of electricity.  Also, having electricity generated 
from a geothermal field will not harm the environment, and it will bring a good amount 
of electricity to the community, and there are many places like Klamath Falls that already 
have geothermal electricity that is of great value. This is the reason why the experts 
encouraged the use of geothermal electricity to improve the geothermal field in Oregon. 
Experts ranked direct use of geothermal heat as the second important alternative 
for developing geothermal energy sources in Oregon. Direct use of geothermal heat is 
considered the best option for economically, but it cannot work everywhere so direct use 
of geothermal heat is limited to certain geographic areas. Direct use for geothermal heat 
works well within a large building area but not within a small building area, and for this 
reason direct use of geothermal heat sources are only available as local resources for 
large buildings. At the same time, electric heat is often times less efficient or there are 
many heat applications that depend on natural gas.  A huge amount of natural gas is used 
for heating applications, including industrial processes. For this reason, direct use of 
geothermal heat is more efficient, and can supply a large number of buildings with 
heating. Experts encouraged developing the direct use of geothermal heat because it is 
not only more efficient, it will also not harm the environment. 
Geothermal Heat Pumps (GHP) was ranked the least importance alternative for 
developing geothermal energy sources in Oregon. The U.S. has a national history of 
failure in both the technical and the economic sector for using GHP .GHP is more in 
efficient homes that use a ductless heating system, but there is a problem with how to 
connect GHP with home buildings. Recently, GHP has become more successful in 
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regulating temperature. While energy efficiency for the heat pump is going up, and the 
prices for the heat pump are going down, experts chose GHP as the least important 
alternative because GHP needs more research and professional geothermal experts to 
improve the technology to gain better efficiency from GHP.  
6.2 Challenges Accompanying with Geothermal Energy Projects 
Even though geothermal energy projects are a good investment, and are 
economically, politically, environmentally, technically, and socially beneficial, there are 
many challenges that still accompany geothermal energy from discovering sources and 
the construction of sites, to the continued maintenance of the sites after construction. In 
order to gain better efficiency from geothermal energy projects in Oregon, many 
improvements are required to expand the use of  geothermal energy, and the process of 
improvement requires focusing on solving the obstacles that accompany geothermal 
fields, and these obstacles are explained below. 
The cost of geothermal energy projects are still high as compared with other 
renewable energies like wind, solar, and so forth.  Geothermal energy projects are 
considered expensive because even though the investors spend a huge amount of money 
for exploration and trying to locate right resources of geothermal energy, they may not 
get the right resources and may ultimately lose their investment. The problem of cost will 
be solved if researchers know how to find the right location, manage the exploration of 
resources, and estimate the drilling for required depth. Right now, many researchers are 
trying to find a critical plan for the resources of geothermal energy projects because the 
initial startup cost of an investment in the geothermal field is still high, and this scares 
120 
 
many investors. For this reason, experts found that reducing the cost of investment in 
geothermal energy projects will generate more investors in this sector of renewable 
energy, and investment will also be cheaper when more researchers are available for the 
development of the geothermal energy. 
Public relations and awareness are two of the biggest challenges because most people 
do not even know what geothermal energy is, and even when they told about geothermal 
energy, they do not think geothermal is necessary like solar, wind, etc…. At the same 
time, people are afraid of the seismic activity that can happen during the construction of 
geothermal projects because this issue is one of the factors that most needs to be heavily 
manage. For this reason, greater education and awareness are needed in the community to 
make them understand what are the benefits from geothermal projects, and to clarify the 
ways or methods that will be used to manage seismic activity if that happens during 
construction. 
There is also a lack of information in the research of geothermal energy in Oregon as 
compared with California and Nevada. In addition, the level of professional people in 
Oregon is limited although good researchers are available at the Oregon Institute of 
Technology (OIT).  Researchers still have difficulties in estimating the cost for long term 
investment. Oregon still needs more support to increase the progress in the technology for 
achieving a higher efficiency of geothermal energy projects. 
Regulatory issues are one of the main factors that are holding geothermal energy 
back. Public policy works to protect the environment from any negative impact, so for 
121 
 
this reason power of renewable policy over the long term is stronger in Oregon than 
California. As mentioned before, Oregon has strong environmental ethics, and these 
ethical issues prevent the development of research in the geothermal field since ethical 
considerations restrict the research and discovery of geothermal sources in some 
locations. 
6.3 Opportunity for Successful Geothermal Energy Projects in the Future 
Even though geothermal energy projects are accompanied by some obstacles that can 
make the improvement of the geothermal field very slow in Oregon, there are many 
opportunities to make the geothermal field successful especially with more progress in 
the research of geothermal energy technology. Oregon can take advantage of the research 
in the geothermal field to achieve more efficiency in this field of renewable energy, and 
have the opportunity for better improvement of geothermal energy projects in the future. 
Oregon needs to focus on the economic prospective and support the adoption of 
geothermal energy projects with financial investment research, community outreach, and 
environmental protection. This support will make geothermal energy projects successful 
since the price of other renewable energies like solar, wind, etc., is still cheaper. For this 
reason, experts chose reducing the expense of investment in energy projects as one of the 
most important objectives in successful development of geothermal energy sources in 
Oregon.  In California, there is a lot of research done with deep drilling in the geothermal 
field, and this research will help Oregon. Right now, geothermal energy with technology 
today looks very good. Over the past few years, technology has improved within power 
plants, and geothermal energy is one of least expensive renewable energies if people are 
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looking at the investment as a long term one. Researchers in geothermal field have done 
some recent work with Enhanced Geothermal System (EGS) in Oregon, and there are 
many attempts from researchers in geothermal field to produce big EGS. If big EGS 
happened, this good technology will be available in Oregon. 
Compared with other states, Oregon is ready now for improvement, and Oregon is 
already an ideal spot for both direct use of geothermal heat and GHP. If technology 
develops a little bit better right now, the power production will be reliable as well. Now is 
the best time for developing geothermal energy sites, and working to manage the cost of 
geothermal energy. In addition, if the climate crisis continues, geothermal energy will be 
a good resource since additional resources will be required for reducing the negative 
impact on the climate, and geothermal energy sources are good candidate for solving this 
issue. It is important for Oregon to keep developing more research into geothermal 
energy sources to be ready for any crisis in the climate. 
Researchers need support from public policy to be able to move forward. 
Encouraging new associations to participate in the research of geothermal energy sources 
is very important in Oregon, and all utilities are interested in geothermal energy projects 
that will lead to achieve full benefit from geothermal field in Oregon. 
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CHAPTER 7: RESEARCH SCOPE, ASSUMPTIONS AND LIMITATIONS, 
EXPECTED CONTRIBUTIONS, FUTURE RESEARCH 
7.1 Assumptions and Limitations of the Research Model 
A number of expert panelists who have the knowledge to and who can supply the data 
validation of the outcome will contribute to building and evaluating the research model. 
This process of evaluation will have positive impact on the development of the model 
because the model will be more accurate in the decision-making process. In addition, 
there are many other factors that can be used to improve the research model. These 
factors contribute in different ways: relevant expertise within the research area, the 
availability and willingness to participate, and balanced perspectives and biases.  All of 
these factors were discussed in the previous chapters.  Even though these factors are 
important and must be applied and used in the panel to have an accurate outcome, it is 
still a challenge to generate the best result without biases. For solving this process of 
uncertainty in the decision making, different procedures and methods will be used in the 
research model to create validity measures. All of this process for this research study was 
discussed in previous chapters. Using suitable tools and techniques, and selecting the 
right experts to provide feedback will reduce the ambiguity in some parts of the research. 
Having accurate information will lead to different perspectives for better decision 
making. 
In general, the outcome of the research model is dependent on the context and is time 
dependent. That means any change in the future in terms of any driver: technical, 
economic, and the social, political, and environmental sectors, will have a large effect on 
the electrical system. In addition, any change will be impacted by the changes in the 
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utility goals and objectives, which are represented by the decisions made about the 
development of geothermal energy resource alternatives in Oregon. From this, it is clear 
that it‘s hard to predict future changes, and this affects in the decision- making process.   
The value of geothermal energy resources relies on the market, technology, and the 
variability of utility available in Oregon.  For example, the demand for geothermal 
energy in the market is not stable, and that is because of many factors like the availability 
of suitable technology that contributes to use the source of geothermal energy, and the 
price of using source of geothermal as compare with other energy sources. All of these 
factors participate in changing the value of geothermal energy in the market. In addition, 
these factors can change at any time. For example, the value of geothermal energy 
resources will not be the same area to area. When the research model applies the process 
to another region other than Oregon, the decision -making process will be significantly 
different. It is clear that the research model was created to support the electrical system in 
Oregon.  The research model can be developed and used in other regions by changing it 
according to the market requirements, available technology, utilities, and the possibility 
for success. Finally, the research model can be applied at all types of geothermal 
electricity planets (dry steam, flash steam, and binary).These types of geothermal 
electricity were discussed in the previous chapters on the  comparisons of which 
technology is the best for generating electricity. Unlike the previously mentioned 
technologies, the research model works to support the electrical system through 
depending on the geothermal process that uses the heat pump, direct use of heat, and 
generating electricity. 
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7.2 Expected Contributions 
The expected contribution of the research model will lead to better knowledge and 
more accuracy in the decision- making process. The following steps outline expected 
project contributions. First, the research model will contribute to the evaluation of 
geothermal energy resource alternatives with respect to the effect on the utility objectives 
and goals. From the literature review, it is clear that no  research model can work with 
more than one dimension (economic, technical, social, political, and environment) and go 
in details for each aspect (utility objective and goals). Utility objectives and goals are 
very important in the process of decision making because they constitute the variables in 
the research model, which requires a tradeoff in the analysis of decision process. This 
tradeoff makes decisions easy to take in the field. In addition, the literature review 
showed that it‘s important to have diversity in the use of geothermal energy resources in 
different applications as was mentioned in the previous chapters. The literature review 
also showed the effect of this diversity in terms of supporting the electrical system, and 
how the successful use of technologies and alternative sources of geothermal energy in 
different regions in the world can also be successfully used in Oregon.  From the 
literature, it is important to have a connection between utility objectives and goals for 
geothermal energy resource alternatives, as this will increase the level of knowledge and 
understanding for creating accurate decisions in the field, and to gain greater benefits 
from geothermal energy sources. 
The HDM model is important to use for finding which geothermal energy resource 
alternative is the best with respect to utility objectives and goals. The HDM method 
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depends on judgments that require increased knowledge and understanding of the 
important criteria in the decision- making process, and to provide feedback from the 
experts to generate a more accurate decision. The HDM method has the ability to deal 
with multiple perspectives and to analyze each perspective with respect to utility 
objectives and goals, which helps in obtaining a better decision.  
The decision to use alternative sources of geothermal energy is a good investment, 
and the probability of success is very high if these types of projects are considered a long-
term investment. There are many criteria (technical, environmental, social, economic, and 
political) that are changing with the times that will have an impact on these types of 
investments over the long term. It will require a recalculation and updating of the 
materials and equipment that are used in these investments, which will have an impact on 
the whole electrical system.  
In general, the research model will contribute to an increased level of knowledge for 
using geothermal energy resource alternatives, and to know which decision is suitable for 
reaching the full benefit from this source of energy. In addition, the research model will 
help to build the right structures for developing a strategy that will improve the decision- 
making process. The outcome from the model will be the best way to support the 
electrical system in Oregon. 
7.3 Future Research 
This research study focuses on the use of one of the alternative sources of geothermal 
energy for supporting electrical system. The purpose of this case study is to evaluate the 
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electrical system in Oregon because of the many criteria that has been already discussed 
in the previous chapters. The Hierarchical Decision Model (HDM) method was used for 
this purpose. This method has the ability to expand the research because this method 
depends on the collection of information from the literature review. In addition, this 
information increases the ability to know what the requirements are for developing the 
model in future research because our case study is about the state of Oregon. The 
requirements for developing geothermal energy alternatives in this state are different 
from other regions, and all of the used utility objectives and goals are for Oregon. There 
is no guarantee that these utility objectives and goals can be successful if applied to other 
locations around the world for supporting electrical systems because not everything that 
we found in the literature can be successfully used in Oregon. The utility objectives and 
goals in the research model are matched with the requirements for development of 
geothermal energy resources in Oregon. The research model can be improved for use in 
future research for other regions, and from this research model one can look for what is 
not necessary, what is missing, and what is required to keep from the criteria that was 
used in the Oregon case study. 
The research model may or may not change in future work because this research was 
built with the dependence on the current research from the literature review and the 
current market and end use.  That means the utility objectives and goals can change, and 
the selection of geothermal energy resources alternatives can change depending on the 
technology available in the market and the diffusion of end use.  
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For future research, it is important to create a diversity of scenarios to look at how 
each scenario interacts in the research model, how this impacts the utility objectives and 
goals, and what is the outcome from the process of scenario analysis in the decision- 
making process. From that, scenario analysis is necessary to calculate the impact for 
future work, and the importance of the analysis for each scenario creates a better 
development of the model. The development of the model will be perfected if the 
scenarios are discussed with the experts to know which criteria are necessary for the 
development of the model, and  from this information reach the best outcome for the end 
use, which the improvement of the electrical system in Oregon. 
Sensitivity Analysis is necessary in the research model for understanding better 
decision choices according to the utility goals and objectives. This will help to create 
different scenarios for future planning, and will help to estimate the best way to deal with 
each scenario if it is applied in the real world, and what the outcome will be based on the 
chosen decision.  
The research model can be connected with an optimization program for gaining the 
best benefits from geothermal energy resources as output for future research. 
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APPENDICES 
Appendix A- Instruments for the invitation of experts 
Appendix  A1- The invitation of experts for participation in my M.S Thesis research 
 
Dear ………………………,  
My name is Ahmed Alshareef and I am a M.S student from the Engineering and 
Technology Management department at Portland State University. I am writing to invite 
you to participate in my research study called Technology Assessment Model of 
Developing Geothermal Energy Resources for Supporting Electrical System: The case for 
Oregon. This research study is being conducted in partial fulfillment of the requirements 
for a Master degree in Engineering and Technology Management at Portland State 
University.  
You're eligible to be in this study because you are an expert from either academia or 
industry and will have enough experience to provide feedback on the criteria in the model 
I am researching.  
Your participation in my research is important to developing a framework, measurement 
system, and metric for reaching the best benefit of geothermal energy resources. My 
research looks at the problem from different perspectives and dimensions with respect to 
utility objectives and goals. 
The proposed research model that I developed requires participation of experts who have 
knowledge and opinions in the topic area of Geothermal Energy Resources. Participation 
in the online survey/evaluation will take approximately 30 minutes to complete. This will 
help to further construct the model and establish a weight for selecting elements that 
require further development.  
If you decide to participate in this study, you will make judgments on different criteria, 
using paired comparison between two elements, deciding which element is more 
important between the two. Remember, this is completely voluntary. You can choose to 
be in the study or not.  
If you'd like to participate or have any questions about the study, please email or contact 
me at aalsha2@pdx.edu or contact me (503) 867-9279.  
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If you have any concerns or problems about participating in this study or your rights as a 
research subject, please contact the PSU Office of Research Integrity, 1600 SW 4th 
Ave., Market Center Building Ste. 620, Portland, OR, 97201; phone (503) 725-2227 or 1 
(877) 480-4400 
Thank you very much.  
Sincerely, 
Ahmed Alshareef 
M.S Student 
Department of Engineering and Technology Management 
Portland State University 
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Appendix  A2-Informed Consent Form 
Informed Consent Template: Online Survey Consent 
 
You are invited to participate in a research study, entitled ―Technology Assessment Model of 
Developing Geothermal Energy Resources for Supporting Electrical System.‖  The study is 
being conducted by Ahmed Alshareef, graduate student from Engineering and Technology 
Management Department at Portland State University. The study is under the supervision my 
advisor, Tugrul Daim. 
 
The purpose of this research study is to examine which technologies are important for 
developing Geothermal Energy. Your participation in the study will contribute to a better 
understanding of the different criteria with more knowledge to know which criteria in the model 
require developing and making more research on it to cover it from different prospective]. This 
project is being conducted in partial fulfillment of the requirements for a M.S degree under the 
supervision of Dr. Tugrul U. Daim. You are invited as a potential participant due to your 
expertise in the area of energy sector due to your qualification and professional experience. You 
are free to contact the investigator at the above address and phone number to discuss the study.  
You must be at least 18 years old to participate. 
  
If you agree to participate, the evaluation will take approximately 30 minutes of your time and 
you will complete an activity about [Developing Geothermal Energy Resources for Supporting 
Electrical System. 
 
There are no known risks to participate and all the information will be kept in my laptop and I 
will destroy the information after one year of graduation. There are no costs for participating, nor 
will you personally benefit from participating.  Your name and email address will be collected 
during the data collection phase for tracking purposes only.  Identifying information will be 
stripped from the final dataset.  
 
Your participation in this study is voluntary.  You may decline to answer any question and you 
have the right to withdraw from participation at any time.  Withdrawal will not affect your 
relationship with Portland State University in any way.  If you do not want to participate either 
simply stop participating or close the browser window.  I may send study reminders about 
participation in the study. If you do not want to receive any more reminders, you may email me 
at aalsha2@pdx.edu.   
 
If you have any questions about the study or need to update your email address contact me, 
Ahmed Alshareef, at 503-867-9279 or send an email to aalsha2@pdx.edu. You may also contact 
my advisor, Tugrul Daim at ji2td@pdx.edu.   
 
If you have questions about your rights or are dissatisfied at any time with any part of this study, 
you can contact the Human Subjects Research Review Committee at hsrrc@pdx.edu, Market 
Center Building, 6
th
 floor, 1600 SW 4
th
 Ave., Portland OR 97201.  
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If you agree to participate, click on the following link [HTTP://LINK TO STUDY URL]   
 
Thank you.    
 
Please print a copy of this document for your records. 
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Appendix  A3- Content Web Survey 
 
Dear …….., 
Thank you so much for accepting the invitation to complete the survey for my thesis 
research (Technology Assessment Model of Developing Geothermal Energy Resource 
for Supporting Electrical System). I have attached the link of the survey, the instructions 
and the explanation of the research. You can see the details of each node in the model of 
the survey by pointing your cursor over the node. Each node had been explained in the 
instruction document. 
Thank you very much.  
Sincerely, 
Ahmed Alshareef 
M.S Student 
Department of Engineering and Technology Management 
Portland State University 
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Appendix A4-Content Questionnaire Survey 
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Appendix A5-Content instructions and explanation of nodes 
The figure below shows the proposed research model. This figure will be used to 
establish the weight of each element and analyze the model:  
 
 
Based on a comprehensive literature review and by validating the proposed research 
model with my advisor Dr.Tugrul U Daim, this research model will be used for asking 
experts to establish their weighted output relative to geothermal energy resources. The 
data collection will be created from this research model to establish the final results of 
this study. 
All the development of the proposed research model will stay in the same frame of the 
human subject research, and it will not change the HSRRC application. In addition, the 
goal and objective of the research will be kept from any change. 
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The objective of the proposed research is to develop the assessment model framework 
that can be used for supporting cost-effective renewable energy in Oregon by the 
development of geothermal energy sources. A mission-oriented model, Hierarchical 
Decision Making (HDM) will be used to determine the goal that represents the case for 
Oregon. 
HDM is the approach that will be used for analyzing the research objective and criteria 
used to inform decision about how to inform geothermal energy since HDM works with 
complicated processes and looks at the problem from different perspectives. All the 
development occurred to the proposed research model works through criteria, sub-
criteria, and alternatives and this research model comes from a comprehensive review of 
literature. 
The purpose of the data collection is to ensure the relative importance of decision 
elements through a numerical quantification process. Using the pairwise comparison 
method between two elements to evaluate distributional balance is necessary in order to 
know which element is more important than another. A pairwise comparison will use 100 
points scale to make the balance. Defining each element will be clarified below  
Encourage Community to Support Geothermal Energy Project:  Using geothermal 
energy project will make future customer life easier and more convenient; the result of 
using these geothermal energy projects will encourage customers to support geothermal 
projects. Also, it will increase the adoption and development of geothermal energy. 
Minimize Environmental Impact: Using geothermal energy will have a positive impact 
on the environment since it does not consume a huge amount of fuel. 
Reduce Expense of Investment Energy Projects:  Different technologies that 
accompany geothermal energy resources will change the expenses of investment if more 
attention and effort are given to this area of alternative energy. 
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Technical Option Improvement for Geothermal Energy Projects: There is a 
possibility to develop the process in the future by quickly responding to any changes in 
the market and in the requirements of customers. 
Minimize the Negative Impact on the General Public: Reducing the negative impact 
on the general public and public spaces ensures that these geothermal projects do not 
interact with other projects in the same area. 
Create New Job Opportunity: When geothermal energy resources are constructed, this 
construction will require a diversity of skills to complete. 
Social Acceptance: The continued commitment to expand and improve federal lands for 
the use of geothermal resources will lead to an increase in production. 
GHG Emissions: Due to lower GHG emissions, geothermal energy projects have less 
impact on the environment compared with other sources of energy. 
Land Requirement: Geothermal fields require fewer acres compared with other sources 
of energy. 
Seismic Activity:  While the extraction of geothermal energy can lead to seismic activity, 
this event would most likely be less than magnitude 2.5 on the Richter scale (earthquakes 
usually cannot be felt under 3.5). 
Using the Land for Other Purposes: When the activity of a power plant is completed, 
the land can be rehabilitated and used for livestock grazing or other agriculture purposes. 
Minimize the Capital Cost: Projects of geothermal energy resources have the potential 
to reduce the cost of investments if the investments are made over a long period. 
Minimize Operation Cost: Geothermal projects can increase the energy production and 
reduce the cost. 
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Economy Boost: ―Geothermal projects have the potential to enhance the economies 
through increased tax revenues, the creation of new businesses and local jobs, and 
enhanced community involvement‖ [1]. 
Minimizing the Demand of Critical Resources: Geothermal projects reduce the 
demand on traditional resources like oil, coal, and natural gas. 
Increasing the Capacity of the Energy System: Using geothermal energy resources will 
minimize the load on the electrical system and will simplify the challenges associated 
with increased energy load. 
Equipment Manufacturing Development:  In spite of the variety of geothermal energy 
equipment in the market, this equipment still needs more development to increase the 
geothermal energy efficiency, and for that technologies will need to be developed to use 
in the manufacturing of this equipment. 
Minimize Noise and Odor: It is important for geothermal energy projects to work 
without negatively impacting the general public by avoiding and reducing noise and odor 
as quickly as possible. 
Minimizing Property Damage for Reducing Impact on Life Style: It is important for 
geothermal energy projects to minimize the routes to and from the site to avoid any 
conflicts or obstacles to the movement of residential and commercial activities. 
Geothermal Heat Pump: ―Is a central heating and/or cooling system that transfers heat 
to or from the ground. Geothermal heat pumps use the natural insulating properties of the 
earth from just a few feet underground to as much as several hundred feet deep, offering 
a unique and highly efficient renewable energy technology for heating and cooling‖[2]. 
Direct use of Geothermal Heat: ―refers to the immediate use of the energy for both 
heating and cooling applications. It is the use of underground hot water to heat buildings, 
…and for many other applications.  District heating applications use networks of piped 
hot water to heat buildings in whole communities‖ [3]. 
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Geothermal Electricity: ―Geothermal power plants use steam produced from reservoirs 
of hot water found a few miles or more below the Earth's surface to produce electricity. 
The extremely high temperatures in the deeper geothermal reservoirs are used for the 
generation of electricity. The steam rotates a turbine that activates a generator, which 
produces electricity‖ [4]. 
 
To assess Geothermal Energy Resources for Supporting Electrical System. 
 
The mission of this model is to assess Geothermal Energy Resources for Supporting the 
Electrical System. This process will require weighting objectives, criteria, and 
alternatives. A pairwise comparison is required for this purpose to rate criteria 
(objectives) with respect to each other.  As the model is built based on HDM, ―a pairwise 
comparison helps you work out the importance of a number of options relative to one 
another. This makes it easy to choose the most important problem to solve, or to pick the 
solution that will be most effective. It also helps you set priorities where there are 
conflicting demands on your resources. The tool is particularly useful when you don't 
have objective data to use to make your decision‖ [5]. This process for Technology 
Assessment Model of developing geothermal energy resources requires having a scale 
with 100 points distributed between these main criteria.  The criteria with high points 
result from experts choosing this criterion while the criteria with low points result from 
few experts choosing this criterion. Also, the score of 0 will not be valid and the score for 
this situation must be at least 1 point. 
This is an example of how to weight, evaluate, and compare:  
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Considering two objectives, "Objective A" and "Objective "B", choose the point value 
that you think is necessary. Since the system is based on 100 points, this can be weighted 
as A=55 and B=45.  
 
1.1 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for 
this study. 
The importance of encouraging community to support geothermal energy to minimize the 
environment impact. 
 
1.2 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for 
this study. 
The importance of encouraging community to support geothermal energy to reduce 
expense of investment energy project. 
 
1.3 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of encouraging community to support geothermal energy to technical 
option improvement for geothermal energy project. 
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1.4  100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of encouraging community to support geothermal energy to minimize the 
negative impact on general public. 
 
1.5 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of minimizing the environment impact to reduce expense of investment 
energy project. 
 
1.6 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of minimizing the environment impact to technical option improvement 
for geothermal energy project. 
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1.7 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of minimizing the environment impact to minimize the negative impact 
on general public. 
 
1.8 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of reducing expense of investment energy project to technical option 
improvement for geothermal energy project. 
 
1.9 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of reducing expense of investment energy project to minimize the 
negative impact on general public. 
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1.10 100 points must be distributed between the following pairs of geothermal energy 
objectives to reflect your judgment on their relative importance to the overall goal for this 
study. 
The importance of technical option improvement for geothermal energy project to 
minimize the negative impact on general public. 
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Appendix B-Judgment Quantifications 
Appendix B1- Judgment quantification for the objectives level with respect to the 
mission. 
The table below shows the ratio of judgment quantification, and explained in the 
example: CS: 70, IC: 30, and will write CS: IC=70, and 30 will not appear in the table. 
Encourage Community to Support Geothermal Energy Projects :CS 
Minimize Environmental Impact : EI 
Minimize Investment Cost: IC 
Technical Options Improvement for Geothermal Energy Projects: TI 
Minimize the Negative Impact on the General Public: NI 
 
 
 
 
 
 
 
 
 
CS:EI CS:IC CS:TI CS:NI EI:IC EI:TI EI:NI IC:TI IC:NI TI:NI 
Expert 
1 
50 50 50 50 40 40 60 50 75 75 
Expert 
2 
42 42 18 42 46 50 44 35 60 63 
Expert 
3 
10 55 75 40 80 75 80 20 20 49 
Expert 
4 
18 21 58 50 71 74 86 65 39 60 
Expert 
5 
50 50 70 70 20 20 70 50 70 80 
Expert 
6 
59 50 32 51 41 62 34 89 52 18 
Expert 
7 
70 35 80 45 50 75 35 40 45 20 
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Appendix B2- Judgment quantification for the goals level with respect to objectives. 
The table below shows the ratio of judgment quantification, and explained in the 
example: JO: 70, SC: 30, and will write JO: SC=70, and 30 will not appear in the table. 
Encourage Community to Support Geothermal Energy Projects: 
Create New Job Opportunity: JO 
Social Acceptance: SC 
 
JO:SC 
Expert 1 60 
Expert 2 40 
Expert 3 70 
Expert 4 12 
Expert 5 90 
Expert 6 67 
Expert 7 75 
 
Minimize Environmental Impact: 
GHG Emission: GE 
Land Requirement: LR 
Seismic Activity: SA 
Using the Land for Other Purpose: UL 
 
GE:LR GE:SA GE:UL LR:SA LR:UL SA:UL 
Expert 1 50 75 75 75 75 50 
Expert 2 72 55 78 50 32 63 
Expert 3 99 50 90 10 40 50 
Expert 4 70 10 75 10 45 80 
Expert 5 50 80 60 89 20 10 
Expert 6 43 22 16 29 50 71 
Expert 7 5 30 85 15 50 85 
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Reduce Expense of Investment Energy Projects: 
Minimize Capital Cost: CC 
Minimize Operation Cost: OC 
Economic Boost: EB 
 
CC:OC CC:EB OC:EB 
Expert 1 50 80 80 
Expert 2 58 84 66 
Expert 3 70 25 20 
Expert 4 80 95 95 
Expert 5 95 90 70 
Expert 6 50 50 50 
Expert 7 65 60 75 
 
Technical Options Improvement for Geothermal Energy Projects: 
Minimize the Demand of Critical Resources: CR 
Increasing the Capacity of Energy System: CS 
Equipment Manufacturing Development: ED 
 
CR:CS CR:ED CS:ED 
Expert 1 40 50 60 
Expert 2 35 15 31 
Expert 3 90 70 20 
Expert 4 50 80 95 
Expert 5 25 50 70 
Expert 6 31 38 66 
Expert 7 25 30 25 
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Minimize the Negative Impact on the General Public: 
Minimize Noise and Odor: NO 
Minimizing Property Damage for Reducing Impact on Life Style: PD 
 
 
NO:PD 
Expert 1 50 
Expert 2 66 
Expert 3 80 
Expert 4 75 
Expert 5 99 
Expert 6 50 
Expert 7 90 
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Appendix B3- Judgment quantification for the alternatives level with respect to 
goals 
The table below shows the ratio of judgment quantification, and explained in the 
example: GE: 70, DH: 30, and will write GE: DH=70, and 30 will not appear in the table. 
Geothermal Electricity: GE 
Direct Use of Geothermal Heat: DH 
Geothermal Heat Pump: GH 
 
Alternatives- Create New Job Opportunity 
 
GH:DH GH:GE DH:GE 
Expert 1 60 40 25 
Expert 2 29 71 91 
Expert 3 65 40 39 
Expert 4 65 35 30 
Expert 5 90 10 5 
Expert 6 50 50 50 
Expert 7 20 15 50 
 
Alternatives-Social Acceptance 
 
GH:DH GH:GE DH:GE 
Expert 1 60 60 50 
Expert 2 30 48 77 
Expert 3 30 40 56 
Expert 4 60 50 20 
Expert 5 50 20 10 
Expert 6 50 50 50 
Expert 7 50 50 50 
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Alternatives-GHG Emission 
 
GH:DH GH:GE DH:GE 
Expert 1 50 35 35 
Expert 2 42 67 68 
Expert 3 25 85 70 
Expert 4 70 50 30 
Expert 5 80 10 1 
Expert 6 50 50 50 
Expert 7 50 50 50 
 
Alternatives- Land Requirement 
 
GH:DH GH:GE DH:GE 
Expert 1 50 50 50 
Expert 2 53 65 51 
Expert 3 50 25 40 
Expert 4 70 50 70 
Expert 5 80 13 5 
Expert 6 50 50 50 
Expert 7 10 10 10 
 
Alternatives-Seismic Activity 
 
GH:DH GH:GE DH:GE 
Expert 1 75 90 75 
Expert 2 45 62 69 
Expert 3 49 50 50 
Expert 4 50 50 50 
Expert 5 50 50 50 
Expert 6 50 50 50 
Expert 7 5 5 50 
 
 
 
 
 
193 
 
Alternatives-Using the Land for Other Purposes 
 
GH:DH GH:GE DH:GE 
Expert 1 50 50 50 
Expert 2 50 35 35 
Expert 3 60 70 60 
Expert 4 75 50 20 
Expert 5 50 20 10 
Expert 6 50 50 50 
Expert 7 10 5 50 
 
Alternatives-Minimize Capital Cost 
 
GH:DH GH:GE DH:GE 
Expert 1 40 40 50 
Expert 2 22 22 72 
Expert 3 60 30 20 
Expert 4 40 70 70 
Expert 5 50 20 10 
Expert 6 50 50 50 
Expert 7 30 30 35 
 
Alternatives- Minimize Operation Cost 
 
GH:DH GH:GE DH:GE 
Expert 1 50 50 50 
Expert 2 37 26 54 
Expert 3 61 25 20 
Expert 4 30 50 60 
Expert 5 75 10 5 
Expert 6 50 50 50 
Expert 7 35 20 30 
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Alternatives-Economic Boost 
 
GH:DH GH:GE DH:GE 
Expert 1 50 25 25 
Expert 2 30 33 64 
Expert 3 65 60 60 
Expert 4 65 50 30 
Expert 5 50 40 30 
Expert 6 50 50 50 
Expert 7 10 5 40 
 
Alternatives-Minimizing the Demand of Critical Resources 
 
GH:DH GH:GE DH:GE 
Expert 1 50 50 50 
Expert 2 50 67 68 
Expert 3 30 60 80 
Expert 4 50 15 15 
Expert 5 50 40 25 
Expert 6 50 50 50 
Expert 7 30 30 50 
 
Alternatives- Increasing the Capacity of the Energy System 
 
GH:DH GH:GE DH:GE 
Expert 1 40 20 25 
Expert 2 50 63 63 
Expert 3 50 30 15 
Expert 4 50 30 20 
Expert 5 80 1 1 
Expert 6 50 50 50 
Expert 7 50 50 50 
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Alternatives- Equipment Manufacturing Development 
 
GH:DH GH:GE DH:GE 
Expert 1 25 10 25 
Expert 2 26 28 54 
Expert 3 60 40 30 
Expert 4 70 50 35 
Expert 5 70 30 1 
Expert 6 50 50 50 
Expert 7 50 5 15 
 
Alternatives- Minimize Noise and Odor 
 
GH:DH GH:GE DH:GE 
Expert 1 50 10 10 
Expert 2 43 65 76 
Expert 3 55 30 30 
Expert 4 50 50 50 
Expert 5 70 20 11 
Expert 6 50 50 50 
Expert 7 50 50 50 
 
Alternatives-Minimizing Property Damage for Reducing Impact on Life Style 
 
GH:DH GH:GE DH:GE 
Expert 1 25 25 50 
Expert 2 50 50 50 
Expert 3 50 25 20 
Expert 4 50 50 50 
Expert 5 50 20 10 
Expert 6 50 50 50 
Expert 7 30 20 40 
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Appendix C- Calculations (Overall weight) 
 
 
 
 
 
 
 
 
Local Global Local Global Local Global Local Global
Create New Job Opportunity 0.59 0.1 0.25 0.025 0.3 0.04 0.45 0.045
Social Acceptance 0.41 0.07 0.29 0.02 0.32 0.022 0.39 0.027
GHG Emission 0.3 0.078 0.3 0.023 0.3 0.023 0.4 0.03
Land Requirement 0.2 0.053 0.28 0.014 0.3 0.016 0.42 0.02
Seismic Activity 0.32 0.083 0.34 0.028 0.36 0.03 0.3 0.024
Using the Land for Other Purposes 0.18 0.046 0.29 0.013 0.27 0.012 0.44 0.02
Minimize Capital Cost 0.51 0.107 0.23 0.024 0.33 0.036 0.44 0.047
Minimize Operation Cost 0.28 0.059 0.22 0.013 0.29 0.018 0.49 0.028
Economic Boost 0.21 0.044 0.27 0.012 0.3 0.014 0.43 0.018
Minimizing the Demand of Critical Resources 0.28 0.05 0.27 0.013 0.35 0.018 0.38 0.019
Increasing the Capacity of the Energy System 0.39 0.07 0.24 0.016 0.23 0.017 0.53 0.037
Equipment Manufacturing Development 0.33 0.06 0.22 0.013 0.22 0.014 0.56 0.033
Minimize Noise and Odor 0.73 0.131 0.27 0.035 0.27 0.036 0.46 0.06
Minimizing Property Damage for Reducing Impact on Life Style 0.27 0.049 0.23 0.011 0.29 0.014 0.48 0.022
0.26 0.31 0.43
Minimize Environmental Impact
Reduce Expense of Investment Energy Projects
Technical Options Improvement for Geothermal Energy Projects
Minimize the Negative Impact on the General Public
0.17
0.26
0.21
0.18
0.18
GHP Direct  Heat Geothermal Electricity
Encourage Community to Support Geothermal Energy Project
Objectives
Goals
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Appendix D- Objectives weight for different characteristics of experts 
Objectives weight for different characteristics of experts-Background of 
Organization 
Objectives, and goals Utility Consulting 
Research 
Lab 
University 
Encourage Community to Support 
Geothermal Energy Project 
0.15 0.16 0.25 0.16 
Create New Job Opportunity 0.43 0.65 0.9 0.67 
Social Acceptance 0.57 0.35 0.1 0.33 
Minimize Environmental Impact 0.28 0.34 0.12 0.16 
GHG Emission 0.23 0.5 0.31 0.1 
Land Requirement 0.2 0.2 0.23 0.18 
Seismic Activity 0.46 0.19 0.05 0.46 
Using the Land for Other Purposes 0.11 0.11 0.42 0.26 
Reduce Expense of Investment Energy 
Projects 
0.19 0.17 0.28 0.31 
Minimize Capital Cost 0.56 0.35 0.86 0.33 
Minimize Operation Cost 0.33 0.29 0.08 0.33 
Economic Boost 0.11 0.36 0.06 0.33 
Technical Options Improvement for 
Geothermal Energy Projects 
0.18 0.19 0.26 0.1 
Minimizing the Demand of Critical 
Resources 
0.21 0.47 0.21 0.2 
Increasing the Capacity of the Energy 
System 
0.38 0.25 0.57 0.51 
Equipment Manufacturing Development 0.41 0.28 0.22 0.29 
Minimize the Negative Impact on the 
General Public 
0.2 0.14 0.08 0.27 
Minimize Noise and Odor 0.77 0.65 0.99 0.5 
Minimizing Property Damage for 
Reducing Impact on Life Style 
0.23 0.35 0.01 0.5 
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Objectives weight for different characteristics of experts-Background of 
Organization 
 
 
 
 
 
 
 
GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect.
0.21 0.43 0.35 0.33 0.21 0.47 0.15 0.03 0.82 0.33 0.33 0.33
0.31 0.36 0.33 0.32 0.375 0.315 0.14 0.11 0.75 0.33 0.33 0.33
0.36 0.32 0.31 0.305 0.395 0.3 0.07 0.01 0.91 0.33 0.33 0.33
0.3 0.37 0.32 0.275 0.3 0.42 0.14 0.04 0.82 0.33 0.33 0.33
0.23 0.42 0.34 0.51 0.285 0.205 0.33 0.33 0.33 0.33 0.33 0.33
0.24 0.27 0.49 0.405 0.32 0.27 0.14 0.11 0.75 0.33 0.33 0.33
0.21 0.45 0.33 0.25 0.27 0.49 0.14 0.11 0.75 0.33 0.33 0.33
0.19 0.37 0.43 0.275 0.24 0.48 0.11 0.04 0.85 0.33 0.33 0.33
0.2 0.34 0.44 0.325 0.25 0.425 0.28 0.24 0.48 0.33 0.33 0.33
0.23 0.31 0.44 0.29 0.465 0.245 0.27 0.22 0.51 0.33 0.33 0.33
0.31 0.3 0.38 0.18 0.185 0.635 0.02 0.01 0.98 0.33 0.33 0.33
0.21 0.24 0.53 0.195 0.22 0.585 0.18 0.03 0.79 0.33 0.33 0.33
0.33 0.38 0.27 0.17 0.155 0.68 0.19 0.09 0.72 0.33 0.33 0.33
0.26 0.33 0.39 0.165 0.3 0.53 0.14 0.11 0.75 0.33 0.33 0.33
University
Goals
Increasing the Capacity of the Energy System
Equipment Manufacturing Development
Minimize Noise and Odor
Minimizing Property Damage for Reducing Impact on Life Style
Consulting Research Lab
Seismic Activity
Using the Land for Other Purposes
Minimize Capital Cost
Minimize Operation Cost
Economic Boost
Minimizing the Demand of Critical Resources
Utility
Create New job opportunity
Social Acceptance
GHG Emission
Land Requirement
Alternatives
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Objectives weight for different characteristics of experts-Position 
 
 
 
 
 
Objectives, and goals Management Planning Policy Environment 
Encourage Community to Support 
Geothermal Energy Project 
0.18 0.135 0.25 0.13 
Create New Job Opportunity 0.49 0.53 0.9 0.7 
Social Acceptance 0.51 0.47 0.1 0.3 
Minimize Environmental Impact 0.28 0.175 0.12 0.5 
GHG Emission 0.22 0.26 0.31 0.61 
Land Requirement 0.26 0.2 0.23 0.03 
Seismic Activity 0.41 0.35 0.05 0.26 
Using the Land for Other Purposes 0.11 0.19 0.42 0.1 
Reduce Expense of Investment Energy 
Projects 
0.21 0.255 0.28 0.08 
Minimize Capital Cost 0.53 0.44 0.86 0.25 
Minimize Operation Cost 0.36 0.33 0.08 0.13 
Economic Boost 0.11 0.23 0.06 0.62 
Technical Options Improvement for 
Geothermal Energy Projects 
0.16 0.21 0.26 0.12 
Minimizing the Demand of Critical 
Resources 
0.27 0.16 0.21 0.65 
Increasing the Capacity of the Energy 
System 
0.44 0.38 0.57 0.07 
Equipment Manufacturing 
Development 
0.29 0.46 0.22 0.28 
Minimize the Negative Impact on the 
General Public 
0.17 0.225 0.08 0.17 
Minimize Noise and Odor 0.72 0.58 0.99 0.8 
Minimizing Property Damage for 
Reducing Impact on Life Style 
0.28 0.42 0.01 0.2 
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Objectives weight for different characteristics of experts- Position 
 
 
 
 
 
 
 
 
 
 
GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect.
0.23 0.27 0.49 0.28 0.505 0.205 0.15 0.03 0.82 0.35 0.23 0.43
0.37 0.26 0.36 0.275 0.455 0.265 0.14 0.11 0.75 0.21 0.46 0.34
0.33 0.25 0.4 0.345 0.39 0.26 0.07 0.01 0.91 0.35 0.53 0.12
0.27 0.37 0.35 0.375 0.325 0.295 0.14 0.04 0.82 0.22 0.27 0.51
0.35 0.35 0.3 0.34 0.385 0.27 0.33 0.33 0.33 0.33 0.34 0.33
0.26 0.29 0.44 0.295 0.295 0.405 0.14 0.11 0.75 0.48 0.31 0.21
0.26 0.39 0.35 0.225 0.45 0.32 0.14 0.11 0.75 0.25 0.16 0.6
0.23 0.35 0.4 0.26 0.36 0.375 0.11 0.04 0.85 0.22 0.15 0.63
0.21 0.25 0.54 0.255 0.41 0.325 0.28 0.24 0.48 0.45 0.3 0.25
0.21 0.29 0.49 0.365 0.37 0.26 0.27 0.22 0.51 0.25 0.6 0.16
0.23 0.24 0.52 0.36 0.36 0.28 0.02 0.01 0.98 0.21 0.15 0.64
0.19 0.17 0.63 0.245 0.39 0.36 0.18 0.03 0.79 0.31 0.21 0.48
0.25 0.25 0.49 0.335 0.41 0.25 0.19 0.09 0.72 0.25 0.22 0.54
0.2 0.36 0.43 0.33 0.33 0.33 0.14 0.11 0.75 0.19 0.17 0.63
Alternatives Management Planning Policy Environment
Goals
Create New job opportunity
Social Acceptance
GHG Emission
Land Requirement
Increasing the Capacity of the Energy System
Equipment Manufacturing Development
Minimize Noise and Odor
Minimizing Property Damage for Reducing Impact on Life Style
Seismic Activity
Using the Land for Other Purposes
Minimize Capital Cost
Minimize Operation Cost
Economic Boost
Minimizing the Demand of Critical Resources
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Objectives weight for different characteristics of experts-Education 
 
 
 
 
Objectives, and goals 
Bachelor 
Degree 
Master 
Degree 
Ph.D. 
Degree 
Encourage Community to Support Geothermal 
Energy Project 
0.1 0.17 0.21 
Create New job opportunity 0.12 0.61 0.78 
Social Acceptance 0.88 0.39 0.22 
Minimize Environmental Impact 0.47 0.26 0.14 
GHG Emission 0.15 0.38 0.2 
Land Requirement 0.07 0.23 0.2 
Seismic Activity 0.68 0.27 0.26 
Using the Land for Other Purposes 0.09 0.12 0.34 
Reduce Expense of Investment Energy Projects 0.18 0.18 0.3 
Minimize Capital Cost 0.7 0.42 0.6 
Minimize Operation Cost 0.28 0.32 0.21 
Economic Boost 0.02 0.26 0.19 
Technical Options Improvement for Geothermal 
Energy Projects 
0.12 0.2 0.18 
Minimizing the Demand of Critical Resources 0.36 0.3 0.2 
Increasing the Capacity of the Energy System 0.59 0.26 0.54 
Equipment Manufacturing Development 0.05 0.44 0.26 
Minimize the Negative Impact on the General 
Public 
0.12 0.19 0.17 
Minimize Noise and Odor 0.75 0.72 0.75 
Minimizing Property Damage for Reducing Impact 
on Life Style 
0.25 0.28 0.25 
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Objectives weight for different characteristics of experts-Education 
 
 
GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect. GHP Direct Heat Geo. Elect.
0.31 0.19 0.5 0.245 0.3825 0.375 0.24 0.18 0.575
0.35 0.17 0.48 0.2975 0.415 0.29 0.235 0.22 0.54
0.41 0.18 0.41 0.325 0.3925 0.28 0.2 0.17 0.62
0.43 0.33 0.25 0.255 0.3475 0.3925 0.235 0.185 0.575
0.33 0.33 0.33 0.35 0.375 0.2775 0.33 0.33 0.33
0.42 0.13 0.46 0.2775 0.33 0.39 0.235 0.22 0.54
0.36 0.47 0.18 0.1975 0.36 0.4475 0.235 0.22 0.54
0.24 0.48 0.28 0.22 0.2825 0.4925 0.22 0.185 0.59
0.39 0.19 0.42 0.2175 0.3375 0.4425 0.305 0.285 0.405
0.13 0.13 0.74 0.29 0.4375 0.2725 0.3 0.275 0.42
0.22 0.18 0.6 0.27 0.2725 0.4575 0.175 0.17 0.655
0.42 0.19 0.39 0.155 0.2475 0.5975 0.255 0.18 0.56
0.33 0.33 0.33 0.2525 0.2825 0.465 0.26 0.21 0.525
0.33 0.33 0.33 0.2 0.3175 0.48 0.235 0.22 0.54
Increasing the Capacity of the Energy System
Alternatives Bachelor Degree Master Degree Ph.D Degree
Goals
Create New job opportunity
Social Acceptance
GHG Emission
Land Requirement
Seismic Activity
Equipment Manufacturing Development
Minimize Noise and Odor
Minimizing Property Damage for Reducing Impact on Life Style
Using the Land for Other Purposes
Minimize Capital Cost
Minimize Operation Cost
Economic Boost
Minimizing the Demand of Critical Resources
